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WITH DISCUSSION. 


Many patient investigator has puzzled his brain trying solve the 

which had yielded more fortunate laborer the field, centuries 
Sir John Hawkshaw’s Presidential address before the British Associa- 

tion for the Advancement Science, 

not our power appropriate ourselves the experiences and 
results which the future alone can bring. But common sense, are enabled 
prolong our life backward into the past appropriating the experiences 
those who were before us, and becoming acquainted with their views 
thoroughly had been their contemporaries. The means doing this 
also elixir Kopp. 


From examination the and Proceedings the 
American Society Civil Engineers, find that has not been cus- 
tomary present historical papers conventions, save the annual 
presidential address, the memoirs the pioneer members the 
Society, two three whom have placed their reminiscences 


*I am indebted to Dr. Cyrus Adler, Assistant Curator, Department of Oriental Anti- 
quities in the U. 8, National Museum, for valuable assistance in preparing the chapters upon 
Clarke, Soc. E., for information regard early American engineers and sur- 
veyors; and Caindry, Chief Clerk, Commissary General’s Office, A., for 
references literature relating the engineers the Continental Army, and those con- 
nected with the establishment of the West Point Military Academy; also, to Ashton 8. 
H. White, Librarian of the 33d degree Masonic Library of the Supreme Counci! for the 
Southern Jurisdiction, U.S. A., at Washington, who kindly directed my researches through 
the valuable volumes under his care. 
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record. But have overcome any scruples that might have deterred 
from presenting this paper, from the fact that, while the 
many the members this Society direct the progress 
engineering science the future, function, the 
with which connected, assist preserving the history the 
achievements the past. feel, therefore, that Ineed make apology 
for asking your attention subject which has for me, least, the 
most fascinating interest. 

The most remarkable trend modern thought, notwithstanding the 
effervescent boastfulness the nineteenth century, appreciation 
the work done those gone before. During this busy age 
specialties every profession, the active thinking men that can spare 
the time from bread-winning are engaged more less looking back- 
ward. surely the watchword the modem 
philosopher, was introspection his brother. the world 
applied science, less than the domain ideas, must reverse 
our mental telescopes, would measure its full the glory 
human achievement. aid our investigations the excavator, the 
archeologist, the ethnologist and the philologer are constantly work. 
our longings complete the history the development any art, 
must look them supply the missing links the chain human 
activity that connects with the past. 

tracing the history the beginnings engineering has seemed 
necessary review some parts the record early human achieve- 
ment, which the critical student might deem irrelevant, since the early 
builders were guided the knowledge the results experiences 
handed down from generation generation, rather than from physical 
laws scientifically considered. take it, however, that those who used 
the lever, the roller, and the inclined plane the best advantage; who, 
knowing that water seeks its level everywhere, constructed dam and 
dyke for water supply; who built embankments the most 
and lasting form; who quarried and hewed the line, were gathering 
and garnering the facts with which the later centuries the foundation 
the science engineering has been laid. 

The science engineering did not have its origin any stage the 
world’s history. While one race era can lay claim its 
its birth, every civilization may said have aided its develop- 
ment. astronomy had its origin with the Chaldean shepherds, who 
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with the naked eye made the observations which governed them per- 
forming the duties their yearly round husbandry, bridge engi- 
neering may said have had its beginning when the first tree was 
felled across the brook too deep ford. architecture began when 
the first flat unhammered stone lintel was laid across the upright 
boulders that constituted the sides the prehistoric dolmen, hydraulic 
engineering had its inception when the same aboriginal deepened the 
bed the rivulet with his naked hand wooden paddle, that might 
increase the water supply for his flocks and herds. 

sculpture began when the pre-historic unspeaking cave-dwelier 
dug out rude figures the clay walls his home, steam engineering 
was its infancy when the Egyptian monarch amused his friends with 
his revolving toy—the Hero describes. music began 
when the savage chanted his weird song the time the gourd-rattle, 
then electrical engineering was its swaddling clothes centuries ago, 
when the Chinese coaster steered his junk sea shell filled with oil, 
upon which floated the bit reed, enclosing magnetic needle, pointing 
always the southern cross. 

knowledge the same physical law that led the Assyrian engineer 
place inflated goat skins under the raft upon which floated the 
huge monolith for the palace his king, has led the modern naval archi- 
tect increase the safety the Trans-Atlantic steamship making 
air-tight compartments her hold. 

The relations between engineering and architecture have been fre- 
quently discussed able writers, without the establishment any 
definite dividing line between the two professions, some have held, 
branches the same profession. Ferguson, the modern historian 
asserts that: Where the engineer leaves off, the art the 
architect begins. His object arrange the materials the engineer, 
much with regard economical artistic effects, and light 
and shade and outline, produce form, that itself shall perma- 
nent and When competent writers find difficulty defining 
the boundary between two professions which have been separated only 
modern times, will not necessary for offer any excuse for 
considering the works the ancient engineer-architects whole. 

astrology and astronomy bore the closest relationship each 
other the remote past, architecture may said have been the 
handmaid engineering the beginning. The superstitious belief 


rk. 

rt, 

rly 

ical 

sed 

and 

ical 

ring 

tion 

the 

who 


312 WATKINS BEGINNINGS ENGINEERING. 


that caused the Babylonians erect observatory every prominent 
city, from which the fate the nation, indicated the position the 
planets, was reported regularly the king, resulted ultimately the 
foundation the science astronomy. 

So, again, the religious element man’s nature—which led the Incas 
Peru erect temples for the worship their deities; and the Egyp- 
tians quarry and transport for weary miles the 300-ton monolith 
Karnak, and the huge stones for the pyramids which mark the tombs 
the Pharoahs—was the incentive that inspired the first steps the 
progression that art which has made possible our day 
the Saint Gothard, and transport Cleopatra’s needle from the ancient 
city Alexandria across the stormy Atlantic the metropolis the 
new world, the anniversary the discovery which short four 
hundred years ago, shall soon called upon celebrate. 

Investigation and discovery continue confirm the belief the 
evolutionists, that the period man’s existence this planet 
measured, not centuries, but tens thousands years 
Modern explorers have reached the conclusion that the great temple 
Karnak and other ancient buildings the Thebiad, were constructed 
great extent from the remains other structures, which were 
ancient when they were dismantled, are these edifices which the 
the nineteenth century are exploring with such zeal and 
acumen. The temples Calabria, Italy, which were de- 
scribed Livy belonging the Cyclopean pre-historic age, when 
Augustus Cesar visited them tourist during the lifetime Christ, 
remain to-day substantially the same condition when that monarch 
explored them nineteen centuries ago. 

close observing American engineer who examined these temples 
forty years ago, well many other classic remains Italy 
and Greece and Sicily, has formulated the striking theory that uncared- 
for ruins will remain reasonably intact for length time based upon 
the cube higher power the average volume the stone blocks 
which the walls are built. Thus, found that wall which com- 
posed stones averaging cubic feet exists one hundred years without 
repair, another which the stones average cubic feet will last not 
merely four times, but least sixty-four times long, for six thou- 
sand years more. 

that may, any attempt assign date many the ruins 
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Egypt, Greece, Rome and Peru, which record exists, must, 
necessity, the merest conjecture. Hence engineering architecture 
must regarded pre-historic art. 

excavation and exploration demonstrate, beyond peradventure, that 
the ancients accomplished feats engineering which must excite our 
profound admiration even this day the triumph the mental over 
the material world, the belief grows upon that not impossible 
that other agencies besides brawn and muscle were called into the ser- 
vice these peoples antiquity, and reminded the belief 
Helvetius, that modern progress may have resulted from rediscovery 
the arts lost the abyss the ages which separate from the Seculo 
Sapienti. 

discussing the development ancient engineering, there 
double limitation. First, are constrained pay attention only 
those races who have directly influenced our civilization; and again, 
are confined those nations, the histories which, ancient authors, 
can fully confirmed the monuments writing art that have 
been definitely interpreted trustworthy modern scholars. 

The Babylonian and Assyrian inscriptions, which were deciphered 
previous the middle our century, were mainly devoted the record 
the deeds valor the warrior kings and their followers the 
struggle with other warlike tribes; and the remains their public works 
formed the chief basis our knowledge the engineering skill devel- 
oped these nations. More recent discoveries and research, thanks 
activity, have resulted the deciphering inscriptions 
which throw additional light upon their engineering methods; that 
now the lament the interested other fields, that 
from these monuments more learned regard the construc- 
tion public works, than the general history these ancient races. 

the races antiquity considered (and the list means 
exhaustive), will mention, what seems their order im- 
portance, Chaldea, Babylon, Egypt, Assyria, Etruria, Pales- 
tine, Moab, Persia, India, China, the Incas, this aggregate every 
form engineering was known, which did not require the application 
the generated forces. They built canals for transport and irrigation, 
and aqueducts, docks, They erected 
bridges wood and stone, well suspension bridges; laid roads, 
cut tunnels, constructed viaducts, planned roofs for their massive build- 
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ings; tested the strength and discovered the weakness their building 
materials; instituted elaborate systems drainage; planned 
tions; designed engines floating bridges, devised methods 
for the transport heavy objects—in fact covered greater 
degree all departments hydraulic, bridge and road, sanitary, military 
and mechanical engineering. Time will not permit this 
sion enter into elaborate discussion the practices ancient 
engineers, save allude the more important monuments their 
which have withstood the ravages many centuries. 

From the beginning, the progress engineering development 
every nation has been largely influenced its political history. 
Rulers small states and principalities had little incentive construct 
public works. But power became centralized and territory was 
added, their wealth was increased; the perpetuity the civil power 
the state then depended largely upon the extension its internal im- 
provements and the development its resources. the rulers ad- 
ministered power with wisdom, gradual advance civilization took 
place, and wherever these centers advanced civilization were located 
there find engineering works ofimportance. These facts were true 
ancient well modern nations, the histories Egypt, Assyria, 
Babylonia and Rome the one hand, and Greece and other small states 
the other, fully demonstrate. 

The engineer-architect held position power and influence all 
ancient communities. was the adviser the king, his ministers and 
his generals, and usually held sacred office addition his secular 
duties. His burial was solemnized with pomp and display, and statues 
and other monuments were erected perpetuate his memory. 
Sarzec found statue* Tello (see frontispiece), from the earliest 
period Chaldean art (about 4000 C.), which holds upon its knees 
tablet ‘‘on which the plan fortress, with its bastions and posterns 
engraved outline, just architect the present day would 
draw it. graduated rule, that say, into fractions 
unequal but proportional length, inches long, carved relief 
beside the plan, for which serves scale; finally, the side lies the 
style with which the architect engraved his 

Egypt, 3700 C., there existed officer—the Superintendent 
Works, who had charge the construction and repairs public 


* Now in the Louvre. 
Manual Oriental Antiquities, Ernest Babelon, page 29. 
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edifices and roads.”* The authority for this fact established 
wooden statute the Bulak Museum, discovered Sakkarah Marietta 
Bey. represents official who bore the title Superintendent 
Works under the 4th Dynasty. 

Lepsiust describes inscription left upon the rock ancient 
quarry Egypt royal high architect, the dynasty the Psam- 
metici, giving the pedigree his family for twenty-three generations, 
each whom held the same office succession, addition per- 
forming his duty priest. 

Ancient Greece, during the memory man, was almost constantly 
divided territory small states, over which one monarch governed 
long. there was neither centralization wealth nor power, not 
surprising that few national engineering works importance were pro- 
jected. Greece being mountainous country with numerous rapid 
streams, and penetrated everywhere arms the surrounding sea, 
incentive existed construct canals for irrigation Egypt, 
aqueducts Rome. 

The Etruscans, the immediate predecessors the Romans, performed 
many feats engineering. Their subterranean tombs demonstrate that 
they were skilled tunneling, excavations and masonry. Dennis? 
states that ‘‘they drained lakes cutting tunnels through the heart 
mountains, and diverted the courses rivers reclaim low and marshy 
ground, just the Val Chiana has been rescued our own 
Some these works are not only still extant but efficient, although 
they were constructed several centuries before the foundation Rome 
C.). 

was one the boasts the Emperor Augustus that found 
Rome city brick, and left city marble. from works 
constructed during the Augustan age, that can form true estimate 
the engineering skill the Romans, although worthy note 
that some the best Roman works were constructed Greek engineers. 
The greater works were carried out soldiers, prisoners, paid 
laborers; the materials, stone, etc., were either quarried slaves 
prisoners, taxed from the land owners, purchased and paid 
for. The engineers ancient Rome were especially noted for their 


Egypt under the Pharoahs, Brugsch, Vol. page 
Egyptian Maspero, page 212. 

Discoveries Egypt, Ethiopia, etc., page 318. 
Cities and Cemeteries Etruria. 
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ability construct durable roads and aqueducts, and the handsome 
private baths, which were built every Roman city; their 
amphitheatres, temples and palaces exemplify the type work 
the engineer was employed during the era wealth and luxury, 
Rome was mistress the world. 

Even during the years war and conquest the civil engineer 
never idle, fact the power the Roman Empire was upheld 
the knowledge, genius and energy its engineers, its generals, 

Chaldea, the soil, when moistened and dried the sun, 
peculiarly fitted for the uses the builder. The bricks found the 
vaults Ur, where are told that Abraham once lived, are from 12to 
inches square, and inches thick. The Tower Babel which 
described Genesis* (ii, was built bricks. 

Egyptian bricks were usually very large; ruins Memphis, they 
measure inches length, wide, and 
From the commencement the Theban epoch, the 
stamp the royal oval often found upon them 
(see Fig. 

Diodorus tells that the vaults the Ninevite 
palaces were covered with layers lead and 
resist the water from the summer 
rains, and numerous inscriptions confirmed this 
statement. Bitumen was used the construction 
Noah’s Ark, according the Biblical and cuneiform 
accounts. was also used make water-tight 
the box bulrushes which the infant Moses 
was committed the Nile. 

The larger works the Babylonians were also composed mainly 
bricks, the interior the walls being sun-dried, the exterior layers being 
small and kiln-burned. the ruins Khorsabad are found 
sun-dried bricks faced with stone (see Fig. 2). These walls were noted 
for their size more than for engineering skill construction. Someof 


And they said one another, to, let make brick, and burn them 
And they had brick for stone, and slime had they for 

The slime alluded here was bitumen—a petroleum earth similar that now found 
the neighborhood the Dead 

And they said, to, let build city, and tower, whose top may reach unto 
heaven; and let make.us lest scattered abroad upon the face the whole 

+ Prisse, Histoire de l’Art Egyptien, page 179. 
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these bricks have lasted well that the ruins Mesopotamia have 
materials for many edifices modern Persia; and the stamp 
Nebuchadnezzar not uncommon the walls brick buildings 
during the last two centuries and inhabited this day. 
One these bricks inches square and inches thick shown 
Fig. The translation the inscription reads: Nebuchadnezzar, 
King Babylon, Restorer the Pyramid, and the tower, eldest son 
Nabopolassar, King Babylon I.” 


ENGINEERING, ETO. 


From the beginning, the mind man was turned toward devising 
means satisfy his necessities. must have water quench his 
thirst, and that his tribe and their flocks and herds, irrigate 
his land; and, may have been expected, the cradle hydraulic en- 
gineering was found the shores the Euphrates, the Tigris 


Stone. 
Brick backing. 
Fie. 2. 


and the Nile, where also was located the earliest advanced civilizations. 
Five thousand years wind and sun have not succeeded obliterat- 
ing the remains the chain canals and storage lakes constructed 
successive Egyptian monarchs, which the once barren and un- 
productive valley the Nile became fertile and prosperous. 

What probably the oldest alphabetic inscription* the world, since 
dates the 10th century the Moabite Stone. the con- 
clusion the inscription recorded that Mesha built two conduits, 
and since there were cisterns the city, Karcha, Moab, ordered 
the inhabitants the city place cistern each house. then 


*Discovered 19th August, 1868, and now preserved the Louvre, Paris, and contains 
82 account of the successful rebellion of Mesha, King of Moab, against Israel, 


The fact also recorded that among other building operations rebuilt one city and 
laid out streets another, 
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had conduit constructed the Israelitish prisoners supply 
these cisterns. 

Negoub* tunnel through the rock opens two low-arched 
lets upon the river. considerable length, and continued 
about mile deep channel, also cut the rock, but open 
top. the tunnel was translated Dr. Hugo 
ler (Hebraica October, 1887, page 52), and shows that the canal and tunnel 
were built Assuranazirpal, King Assyria, 884-860 and 
restored Essarhaddon 680-668 The object the conduit 
lead the water the Zab Nimrud, the ancient Kelaeh. 

Berosus states: ‘‘When Nebuchadnezzar had received the royal 
power surrounded Babylon with triple wall fifteen days. 
drained the Nahrmalka, arm the Euphrates. Above the city 
Sippara built reservoir, parasarp circumference and 
fathoms deep, and built gates which could opened irrigate 
the plain.” the great East India House Inscription Nebuchad- 
nezzar, first deciphered Oppert, find full and detailed 
tion this statement Berosus. 

Diodorus mentions (II, ix., tunnel built under the Euphrates 
Babylon, the existence which, although believed Oppert, 
doubted more recent 

Judea very ancient tunnel about one-third mile length, 
which water brought from the Pool the Kedron Valley 
the Pool Siloam, pierces the ridge what supposed Ophel 
spur the temple hill which divides the two mountains). was 
constructed for the purpose bringing water into the City Jerum 
lem when the surrounding district was possession the enemy. 
the tunnel there engraved inscription five lines, which gives 


Layard, Nineveh and its page 57. 
Chaldea, Perrot and Chippiez, Vol. pages and 59. 


The conduit first about feet high, but the height gradually lessens until one 
place not quite feet above the floor the passage, According Capt, Ulaude Conder, 


(| The Siloam inscription was accidentally discovered in June, 1880. The insoription is 
engraved recessed tablet cut the wall the tunnel, few yards from its 
The latest restoration and translation is as follows : 

(Behold the) excavation! Now this the history While the 
(were lifting up) the pick, each to his neighbor, and while there was yet three cubits (to 
broken through),............s.++ the voice of one called to his neighbor, for there —— 
excess?) in the rock on the right. They rose up,........-+«- they struck on the west of 
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account the engineering difficulties that had met. states 
that the two culs-de-sac where the excavations overlapped, near the mid- 


dle the tunnel, were caused from lack engineering skill.* The 
inscription intended place record the manner which this diffi- 
culty was obviated. 

one the mounds Tello, Serzec found series cylin- 


pipes tubes baked clay, fitted into one another, and formed 
together conduit for draining the water from the 


Mugheir—Biblical the Chaldees—the cemeteries were 

drained the following manner: The pavements carefully laid, were 
yal studded with clay tubes fitting into one another and forming sort 
the lower extremity which opened into drain; the upper being 
ity furnished with cap, full holes, acting This system 


drainage was laid with such skill that has remained intact our 
ate own day, and according tombs have been kept free 
from water, that the bodies and the furniture are still dry and good 
the Island Kos the remains circular stone-lined reservoir, 

feet diameter and feet deep, have been found, into which water 
was carried from the springs the neighborhood. This reservoir 

covered with stone dome terminating astoneair-shaft. Against the 
th, dome earth has been thrown,—the design this fountain-house being 
ley keep the water pure and cool. This plan pursued India and other 
hel tropical countries even this day. 
The water-works Thebes, from which the Cadmea was supplied, 
are still existence, although they are believed belong the Pelas- 
gian period. But the remains, far discovered, indicate that few 
works this nature were constructed the Greeks, whose natural 
surroundings directed the attention their engineers the building 
harbors, roads and bridges; and whose religious inspired 
their architects design and erect temples for the worship their 
der, deities. 
The emissaria, canals for drainage irrigation, are mentioned 
earlier period Roman history than the aqueducts. and near the 
Rome there were originally 250 miles aqueducts, about fifty 


*Isaac Taylor, The Alphabet, Vol. page 232. 

Oriental Antiquities, page 

statement Palestine Ex. 1881, page 197, 
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which were supported stone arches. detailed account them 
controller the aqueducts during the reignof Nerva. From the 
given Frontinus, Mr. Parker, English engineer, estimates 
total amount water delivered these aqueducts 
stream feet wide feet deep, constantly pouring into 
fall six times rapid that the River Thames, volume equivalent 
over 300,000,000 gallons per day. 

Porta Furba, near the City Rome, the remains five 
may seen together, close the point where the Anio 
must have passed under ground. The Aqua Appia, nearly 
long, was carried underground for nearly miles. the Anio 
miles long, only 500 feet were above ground. The Aqua 
and Aqua Marcia were over miles length, and the Anio 
greater than all, measured miles, some its arches being 
high. 

The monuments Roman engineering are not confined Italy, for 
every part the world that they conauered, from the shores the 
Atlantic the borders India, from the Baltic the Desert 
the engineer that period has left the remains his skill and inge 
nuity. One the most remarkable these works was 
that leads from stream France, called the Gier, the foot 
Pila, the summit This was constructed supply 
water for the imperial palace the modern City 


This aqueduct terminated stone reservoir, lined with 


the walls which are eight elliptical holes inches high and inches 
wide; eight lead pipes descended from these holes into the valley and 
were carried across the bottom the stream aqueduct bridge 
feet wide. Some these pipes were found vineyard near the top 
Fourviéres the early part the 18th century, and were 
Colonia his History Lyons. 

Frontinus states that for four hundred and forty-one years Rome was built, there 
was regular supply water the city; the water was obtained from the Tiber, from 
wells and but finding these means inadequate, during the 


Claudius Crassus, the construction the first aqueduct was begun, and called the 
Aqueduct, after the Consul. 


was once the capital Southern Gaul was built order the 


Some of the pipes, like the bricks of Nebuchadnezzer, had the name of the maker 
stamped upon them. 
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The ability the Romans bore tunnels without the aid explo- 
sives, remarkable. The Grotto Posilippo near the road Pozzuoli, 
near Naples, conspicuous example (see Fig. 4). 2316 feet 
long, feet wide, and has average 


stupendous work was accomplished, 
prehistoric the classic writers 
ing, the emissary Lake Fucinus 
most remarkable. Conceived Julius 
Cesar and executed Claudius, 
from that lake the Liris (Garig- 
liano), more than three miles away. 
For more than mile passes under 
mountain, whose summit over 1000 
feet above the level thelake. The 
boring was carried for thousands feet through carnelian hard that 
every inch was worked with chisel. 

The pyramids have long been considered one the Seven Wonders 
the World, The success with which huge blocks stone were quarried 
without explosives, remarkable the ability transport them 
from the quarries place them proper position the structure. 
the masonry the pyramids themselves, said competent 
engineers who have examined them critically, that could not sur- 
passed, even this day.* Designed, they were, last years, 
when the souls their royal occupants were expected return again 
earth, some them have survived nearly double that term 

said that when Napoleon was considering the question obtain- 
ing stone for bridge, which once proposed build across the Nile, 
the French engineers cast longing eyes the pyramids; and while mak- 
ing the best method obtaining the stone from these 
structures, they deplored the fact that the masonry had been well done, 
that much time and labor would consumed tearing them down. 

The Persians the 5th century were also proficient handling 


* The inscriptions upon the pyramids, obelisks, sepulchres and temples, particularly 
those Isis and Serapis, prove conclusively that the Egyptians employed the and 


and nearly all the tools that are used our day, for the quarrying and dressing 
stone, 
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heavy bodies. the palace Xerxes Persepolis are 
blocks stone feet long and from feet square, and weighing 
more than 200 tons. 

While considering the wonders the East, where are taught 
believe was located the cradle the first great civilization, must not 
forget some recent discoveries what call the Ney 
World. refer the pyramid, nearly double the size* Cheops, which 
was discovered 1884 Sonora, Mexico, miles sontheast Made. 
line. Standing the midst virgin forest, the walls square 
blocks granite carefully tooled and bedded, bear testimony the 
skill that ancient race, whose very name has been forgotten. 


ORIGIN THE ARCH. 


The history engineering shows that the arch has been most 
important factor the construction bridges, tunnels, sewers and 


palaces. the belief many that the use bricks 
and other small sized materials must have led the early discovery 
the arch Chaldea. But while the remains more than one corbeled 
vault (see Fig. are found, edifice containing the arch with 
the voussoir, survived the Macedonian conquest. must look, then, 
Assyria for the earliest remains the true arch. The sewers 


Khorsabad (8th century are marvel ingenuity, for the pointed 


feet high and measuring 400 feet round the base with spiral roadway from 
base summit, built easy grade, that vehicles could ascend. 
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arches which support the earth above them. The Assyrian builders, 
order avoid the keystone, moulded bricks complicated form (see 
Fig. 6). The floors the sewer were composed limestone slabs 
extending under the side walls and laid asphalt. fact, every 
portion that palace are evidences engineering skill mean 
order. 

Place* describes true brick arch found Nineveh gateway, 
erected Sargon the 8th century, that has span feet 
References the Bible the arch are found the 40th 
Chapter Ezekiel. 

What regarded some archeologists religious prejudice 
against the arch India, led the construction pyramidal roof 
the temple the Sun Orissa, consisting many stone blocks weigh- 
ing tons each, which were hoisted into position walls feet high. 
This practice has not been changed the lapse time, for, late 
the last century, the roof the temple Seringham was laid with long 
beams stone across span feet. 


Fig. 7. Fig. 8. 


Remains Greek structures recently explored continue verify the 
belief that the ancient Greek architects were unfamiliar with the princi- 
ples the true arch (see Figs. and 8). The arched way through the 
west wall (see Fig. 9), and the the west wall the 
same city (see Fig. 10), explored 1881, are the corbeled type. 


The harbor front the Admiral’s palace Utica, 
built shelter the galleys from storm, was constructed with great skill. 
The Pheenicians the 10th century, C., employed civil engineers 


1 Explored by Mr. J. 8. Diller, now of the U. 8. Geological Survey, to whom Iam indebted 
for the use the photograph and other information. 


Classical Series from whose pages this illustration was redrawn. 
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build the ancient and harbors Tyre and Sidon, 
people, 1280 C., navigated the Straits Gibraltar their own ships 
and founded the Por 
Cadiz, erecting docks 
and warehouses 
controlled 
the world, 
worked the tin mines 
Cornwall 
along the 
Mediterranean 


By 
nean; and the remains 
Fig. the stone jetties the 


breakwater Pylos, the west coast Messenia, Methone, south 
Pylos, and Rhodes, testify the ability their builders. 

The Roman harbors 
built where natural 
opportunities presented 
themselves, are renowned 
for the engineering ability 
displayed their con- 
struction. 

The Emperor Claudius 
had the boldness direct 


that the largest ship the 
viously been used trans- 


port obelisk from Egypt 
caisson. Uponit were built 
three pillars stone and 
pozzuolana cement, which, 


with the ship, sunk Fig, 10. 
Ostia, for the harbor which was constructing where the Tiber 


Tiber 
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empties into the sea. Thus twenty centuries ago subordinate use was 
found for the most colossal ship the age, example which was fol- 
lowed our era when the Great was employed lay the 
Atlantic cable and for other similar uses. 


anonymous writer* thus describes Ancient Roadway”: 
“Long before conquering Rome had covered the world with her network 
military roads; commerce and war, the sponsors civilization, had 
thrown out their lines communication which bound together the nu- 
clei culture. The name one the earliest cities primitive times 
which the Bible makes known Kharran, the 
road city.”+ Hither Abraham had journeyed, following, doubt, the 
“via publica” those days, the commercial and military road which 
bound together the two seats civilization, the one the banks the 
Euphrates, the other the banks the many-mouthed Nile. Few 
roads can rival, antiquity historic associations, that ancient 
pathway culture which connected the capitols Babylonia and 
Egypt, and along which was ever-flowing stream intercourse. 
Centuries ago, far remote past, the primitive Semite trader had 
journeyed forth his long and dreary journey visit the cities the 
the setting sun.” 

Although remains exist Babylon, almost certain that stone 
bridget across the Euphrates River, which 600 feet wide, connecting 
the two portions the city, was existence the 5th century 

who examined the causeways granite over which the 
stone blocks were transported from the Nile the pyramids, thought that 
they were wonderful. 

Curtius|| tells that the worship the Gods” which gave 
tise road building the holy ways were the first artistically con- 
structed the These roads designed for the passage the 
festive processions the great temples worship, were carefully made. 
Anotable example the care taken these matters found 
the tramway, the remains which are the oldest existence. 


*In The Builder, 1885. 
tGenesis XI, 31, 
described Herodotus and Diodorus—the latter whom puts the length 


over 3000 feet; undoubtedly exaggeration, unless the approaches were included. 
§ Herodotus, IT, 124. 


History the building roads among the Greeks, 
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struction was prompted the superstitious dread accident 
cles the way the Olympian games. Any mishap route was 
regarded ill omen for those who were engage the contests, The 
road was carefully built stringers stone hollowed out the proper 
gauge fit the chariot wheels. 

The superb highways which the Roman emperors constructed, gaye 
them power move their armies with rapidity the foreign settle 
ments, against which attacks were expected from hostile barbarians, 
was common saying that roads 
lead Rome,” and the remains 
Appia, Via Aurelia, Via Latina, and Vis 
Ostiensis testify the care and skill 
with which these highways were 
(See Fig. 11.) 

The fortifications which they 
the engines war which they invented 


and introduced, show remarkable 


ventive ability. For demolishing walls 
Section through 
Culvert. 

Fig. ram was used with much success 


their day, could bein ours. And the catapult for casting projectiles, 
some which Vitruvius states weighed 2000 pounds, was the most 
efficient engine its kind before the discovery gunpowder. 


masonry, the tormenta battering 


The remains Roman military roads are found Great 
Britain where they are called ridgeways. Watling street 
said occupy the site one these old roads. The boundaries 
the ancient Palmyrean Empire Western Asia, abounds 
ruins. 

Bucholz has very aptly said: Wherever the conquering 
the Romans were carried, through Gaul into Germany and over 
Britain, through Greece into Asia Minor and India, the very 
Cathay, the engineer followed, and often led the way.” 


METALLURGY. 

The limits this paper admit only brief references the ability 
which the ancient metal workers displayed even the earliest times 
Babelon* asserts that ‘‘the Chaldeans could work bronze 


Manual Oriental Antiquities, page 35. 


» 
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asin stone,” and that recent explorations were found 
repoussé, vases and utensils every sort, weapons and 
ornaments, that there use the precious metals, iron and 
bronze, which they were not put the industry the Ninevite crafts- 
men.” Tello, Sarzec found the remains many doors that 
turned pivots, which rested cavities hard stone blocks, hollowed 
out the form conical cup. prevent the wooden pivot the 
doors from wearing out too rapidly, was enveloped metal (bronze) 
sheath that took the form funnel, and which was fixed the wood 

Goguet states that ‘‘the art forging metals without any doubt, 
was known Egypt and some parts Asia, the most distant times. 
see arms metal use Palestine few ages after the flood. 
Moses says that Abraham drew his sabre sacrifice his son Isaac.” 
Many facts relating metals, the places where they were found, and the 
manner which they were wrought, are recorded the book Job. 
which was once regarded precious metal some the most 
ancient nations, was applied subordinate uses the inhabitants 
Nineveh. Place describes collection hooks, grappling irons, chain 
cables, picks, mattocks, hammers and plough shares, weighing over 150 
tons, that were found Khorsabad, hung the walls where they were 
placed eight centuries before our era. 

From the sharpness many ancient coins, manifest that the 
die-sinker was not only able work hard metals, but that was 
possessed mean mechanical ability the construction the 
presses which the coins were struck. 

are indebted Aristotle himself for actual account the way 
which the Greeks made steel the 4th century C., proving 
them have been also acquainted with the art melting iron. The 
passage (III, 7), translated Martin Lister, reads: Wrought-iron 
itself may cast made liquid, and harden again; and 
thus they are wont make steel; for the scoria iron subsides, 
and purged off the bottom; and when often defecated and 


Ibid, page 17. 

t Of the Discovery of the Working of Metals, Book II. 

+ “Iron was looked upon as a precious metal; neither arms nor utensils or tools were 
made of it; it was employed almost exclusively for personal ornaments, such as rings and 
bracelets.”"—Perrot and Chipiez Chaldea, I, 30, 

pages 84, 89. 
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made clean, this steel. But this they not often, because the 
great waste, and because loses much weight refining; but 
much the more excellent the less recrement has.” was made 
this method Germany early the 16th century. 

China possessed the art working fluid cast-iron very remote 
period. The working iron the mountains India* was carried 
many centuries before the Christian Era. would almost seem that 
the Iron Age” misnomer. 


ENGINEERING THE 17TH AND 18TH CENTURIES. 


Engineering development, since the beginning, has been influenced 
the outgrowth natural surroundings. Greece, Italy, Switzer- 
land and France the mountains, streams and gorges turned the attention 
the engineer toward tunnels and bridges. Holland and 
gium, low and flat, the continual battle against floods developed race 
engineers with special skill drainage and dyke building; 
England, surrounded all sides stormy sea, thought was directed 
light-houses, harbors and docks. 

During the Dark Ages, from the downfall the Roman Empire 
the 5th century until the beginning the 16th, the sciences were 
almost lost, being practiced only the monks and other religious 
organizations. the Freemasons, Brothers the Bridge, and other 
secret societies, the world indebted for the few structures that were 
erected during those unprogressive centuries. 

The civil engineer reappeared upon the arena about the middle 
the 17th century, response the demand for the drainage the 
marshes and submerged lands Italy, although Ferario 
masonry bridge that was completed across the River Adda, Northern 
Italy, with segmental arch 237 feet span and feet rise. This 
arch feet wider than the largest arch now existence—that over 
Cabin John Creek, near the City Washington. 

has been said that the Dutch made their own land 
out the mud the rest Europe.” for centuries our 
ancestors have been steadily work during years war and 
peace, adding the area their country building canals and dykes 


the Temple Kuttub, near Delhi, standing to-day forged iron pillar, upward 
inches diameter and over feet long, 
+ Smiles’ ‘‘ Lives of the Engineers,” page 392. 
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and reclaiming land. was 1574 that William Orange took 
advantage this peculiarity the country flooding all the land 
the vicinity Amsterdam, order defend that city from land 
attack the Spanish. And Holland gradually provided herself with 
her magnificent system artificial water roads, which made every im- 
portant city her borders seaport; her industrial energy was rewarded 
the nation increased prosperity remarkable degree, and attained 
power among the nations Europe, developing among 
her people traits character which were inherited those who were 
afterward found the metropolis the New Republic. 

Russia, about the end the 17th century, Czar Peter began 
lay the plans for system inland navigation connect the new City 
St. Petersburg with the Caspian Sea, and place Moscow upon 
another line forming canal between the Don and the Volga, 30,000 
men being set work under Captain John Perry, native Gloucester. 
was during the beginning these improvements, 1699, that the 
local nobility (or boyars), near Moscow, solemnly stated, ‘‘That God 
had made the rivers flow one way, and was presumption man 
think attempting turn them another.” 

Engineering may said have had its beginning France during 
the reign Louis XIV (1638-1715), who 1661, through the instru- 
mentality John Baptiste Colbert,* his Comptroller General 
Finance, began devote attention commerce and manufactures and 
inaugurate the internal communication France land 
and water, which was necessary its development. 

Soon after Colbert received his portfolio the systematic improvement 
the public highways leading Paris was inaugurated. The Lan- 
guedoc connecting the Mediterranean with the Atlantic, without 
passing the rocks Gibralter, 150 miles long, with its level 600 
feet above the sea, although not finished until 1681, was projected 
1666, during his ministry. devoted much time and thought the 
detail paving and lighting the City Paris, and was largely through 
his influence that the Academy Inscriptions was founded 
the Academy Sciences 1666, and that Architecture 1671. 


Colbert claimed descent from Scotch family which settled France during the latter 
part of the 16th century. 
had founded the French Academy 1635, and established the French 


— paper, “The Gazette of France.’”’ He also founded the Observatory of Paris, 
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The system building the great fortifications upon the frontier 
France was begun 1677 Vauban, who was appointed that year 
the new office, General Fortifications,” especially 
created for him Louis Vauban displayed remarkable ability, 
first planning fortifications, which were regarded impregnable; 
secondly, devising methods which fortification could taken, 

1729 General Belidor* while Professor the Artillery School 
Fire, published treatise Science des ingenieurs dans Con- 
duite des traveaux fortification d’architecture civile”) upon the 
Science Engineering. 1758 became director the arsenal 
Paris, and year two later Royal Inspector General Engineering. 

The wars which France engaged, together with the financial condi- 
tion that country from 1680 the death Louis XIV (1715), was 
discouraging internal improvement and engineering enterprise. Nor 
did the first years the reign his successor, Louis XV, when John 
Law was permitted establish the Bank France upon paper money 
basis, and organize the Mississippi Joint Stock Company with its 
Grant Louisiana, add the material development the 
that nation, almost constantly war for the next thirty years. During this 
period, however, L’Ecole des Ponts Chausses was established (1720),and 
from has been graduated many mathematicians and practical engineers, 

the 17th and first half the 18th centuries great progress was 
made France the art bridge building, that when the new 
Westminister Bridge, across the Thames, was built, Labelye, 
Swiss engineer, who had been very successful constructing bridges 
France, was called take charge the work. 

For brief seven years after the treaty 
France was given another opportunity advance internal improvements 
—to strengthen her navy, her merchant marine, and recruit her corps 
mariners. This was the period (1755-60) French naval glory. 

Soon after the peace Paris (1763), L’Ecole Militaire was estab- 
lished under the patronage the Duc Choiseul the royal palace 
Fontainebleau during the latter part the reign Louis XV. And 
was under the shadow the walls this historic palace that many 
the French officers, who took active part our Revolution, and 


* Bernard Forest de Belidor (born Catalonia, 1693; died Paris, 1761). French Military 
and Civil Engineer and author of works on Mathematics, Bombardment, Military and Civil 
Engineering and Hydraulic 

+ Etienne Francois Choiseul, born 1719; died 1785, Minister of Foreign Affairs, 175 

Louis XV influenced by Madame Pompadour always regarded this palace with disfavor 
and refused to occupy it with his court, 


<i 
i 
| 
4 


[ilitary 
d Civil 
58. 

jisfavor 


WATKINS BEGINNINGS ENGINEERING. 331 


the bloody scenes strife France during the next decade, learned 
their first lessons military engineering. 

interesting note that Napoleon Bonaparte’s knowledge 
engineering methods led his first promotion, when only twenty-nine 
years old, General Barras, who gave him the command the artillery 
Paris October, 1793, because knew how make and use 
map”; and for similar reason, Ponté Coulant, year two later, 
placed him the head the Cabinet Topographie. 

1803 First Consul” founded the University France; and 
three years later, (1806), removed the Military School from Fontaine- 
St. Cyr, made famous 117 years before, when the school for the 
daughters French noblemen was established Madame Maintenon. 
From the beginning, L’Ecole Speciale Militaire Saint Cyr has ranked 
high among all nations; and has furnished France and the world with 
many distinguished military and civil engineers. 

have gone into the Beginnings Engineering” France 
some length, owing the fact that the progress engineering science 
America during 1775 1825 was largely directed Frenchmen who 
came this country the solicitation our Government. 

Although England has produced eminent engineers, skilled the 
construction canals, harbors and light-houses, the technical 
edge that lay dormant among her people, was not manifested until the 
steam engine was introduced. the time when Holland had made 
great progress internal improvement and systems water communi- 
cation, and when France, Germany, and even Russia had opened im- 
portant lines inland navigation, there was not single canal all 
England} and the common roads were about the worst Europe. 


__ *The period of the Consulate, 1800-04, was the most glorious and commendable part of 
Napoleon's career. He devoted himself especially to every project that could benefit and 
protect France, doing probably the work of a dozen able men. 


+ The lack of capable engineers in England in the 16th and 17th centuries is thus de- 
scribed by Smiles: ‘‘ Our first lessons in mechanical and civil engineering were principally 
obtained from Dutchmen, who supplied us with our first wind-mills and pumpiug-engines. 

“ When an engine was required to pump water from the Thames for the supply of Lon- 
don, Peter Morice, the Dutchman, was employed to erect it. Holland even sent us the 
necessary laborers to execute our first great works of drainage. The great level of the fens 
was drained by Vermuyden, and another Dutchman, Freestine, was employed to reclaim the 
marsh, near Wells, in Norfolk. When a new haven was required at Yarmouth, Joas Johnson, 
the Dutch Engineer, was employed to plan and construct works, and when a serious breach 
occurred in the banks of the Witham, at Boston, Matthew Hake wassent for from Gravelines, 
in Flanders, and he brought with him, not only the mechanics, but the manufactured iron 
required for the work,” 

“ The art of bridge building had sunk so low in England, about the middle of the last 
that were under the necessity employing the Swiss engineer, Labelye, build 

estminster Bridge. In short, we depended for our engineering, even more than we did for 


our Pictures and our music, upon foreigners. 
a In 1642 the dykes in the embankment around Hatfield Chase, in Lincolnshire, were 


— en by the enemies of the Dutch settlers, so that the reclaimed lands were inundated, 
loss £20 000 single night.” 
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The water supply the City London was obtained from 
late the end the 15th century. The water-carrier was 
portant element domestic economy until 1582, when Peter 
Dutchman, undertook, the inhabitants could not the 
for their water, carry the Thames them,” and then pumping. 
engine, driven water-power, was put the first arch the old 
bridge. Wooden logs were being used for the conduits, the pipes carry- 
ing the water into the houses being made lead. 1609, Hugh 
began the construction the New River Water-works supply 
London with water, the works being completed 1613. 

the history corporations interesting note, that King 
James 1612, became full partner this enterprise, means 
small one for the times, the total cost the works (the 
being feet wide, feet deep, and miles long) was 610, and for 
which the King furnished his share from his private purse. 1720,a 
act was obtained empowering certain persons make the rivers Mersey 
and Irwell navigable from Liverpool Manchester. the use 
weirs, locks and flushes moderate improvement the navigation was 
effected. But these improvements were confined clearing out the 
channels existing rivers and not the making new and 
navigable cuts between the cities. 

1737 Parliament passed the first Canal Act make navigable the 
Worsley Brook, near Manchester, but was not until the year 1760 that 
Brindley began his first canal for the Duke Bridgewater. 


The earliest use the term Engineer,”* that have found 
Shakespeare, where Hamlet (III, speaks the engineer hoist with 
his own petard. 

The charter the British Institution Civil Engineers defines engi- 


* Weare told in Rees’s Cyclopmdia, Vol. 13 (published about 1810), that “ Engineer or 
engineering in its general sense is applied to a contriver or maker of any kind of useful en 
gine ‘In its more proper sense, denotes officer the army 
place whose busipess contrive inspect attacks, defenses, works, etc.” “The 
engineer is said to beof modern date, and to have been first used in the year 1650, when one 
Captain Thomas Rudd had the title Chief Engineer the King.” 1634, 
was called camp-master general, and sometimes engine-master, being always 
the master the ordnance.” engineer should able and expert 
particularly versed military achievements and gunnery.” engineers de- 
nomination which comprises order profession persons highly respectable for thelr 
talents and scientific attainments, and eminently useful under this appellation, a8 the canals, 
docks, harbors, lighthouses, etc., amply and honorably testify.” 
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The art directing the great sources power nature 
for the use and convenience man, the means production and 
traffic States both for external and internal trade 
applied: 


the construction roads, bridges, aqueducts, canals, river 
navigations and docks for internal intercourse and exchange. 

Second.—In the construction ports, harbors, moles, break-waters 
and light-houses. 


Third.—In the art navigation artificial power for the purpose 
commerce. 


Fourth.—In the construction and adaptation machinery. 


Fifth.—In the drainage cities and towns. 


Thus, from subordinate military position upon the staff general, 
the title engineer has been extended include all who, the use 
scientific methods thought, utilize the experiences the past over- 
the natural forces the interest industrial mechanical pro- 
gress. From the reports John Smeaton, (1797), learn that 
civil engineering became profession England about 1760. Itis said 
Smeaton, who was the first expert witness called before English 
courts matters relating his profession, that was the first use 
the title when signed his name such testi- 
mony that gave important case. 


History ENGINEERING THE UNITED 


The first canal constructed within the present limits the United 
States, was, according some accounts, short line built Lieuten- 
ant-Governor Colder, Orange County, Y., 1750, for transporting 
stone. 

Before Independence was declared, the project providing arti- 
ficial junction between the waters the Susquehanna and the Schuyl- 


*Inthe Century Dictionary, recently published (1889 edition), engineering defined 
The art of constructing and using engines and machines; the art of executing civil and 


military works which require special knowledge use machinery, the principles 
mechanics.” 


discussion Mr. Clemens Herschel, whom Iam indebted for calling attention 
ese facts, 
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kill,* led Franklin, written 1772, Mayor Rhodes 
Philadelphia, pay high tribute the profession. 

session the Council the Province New York, September 
Ist, 1774, resolution was passed the effect that ‘‘be very expedient 
that the limits this and the Province Pennsylvania speedily 
ascertained and marked out.” 

This idea was concurred the Pennsylvania authorities, and the 
initial point was established commission comprised Major Sam- 
uel Holland, British officer, behalf New York, and David 
house, Pennsylvania, who report, dated December 14th, 1774 
and presented January 25th, 1775, stated that they had determined 
beginning the degree North Latitude, the Mohawk 
Western branch Delaware.” 

The American Society Civil Engineers, resolutions spread 
its minutes, soon after the celebration the Centennial the 
tion, New York City, April, 1889, has made official record the fact 
that Washington before became soldier, long before entered 
his career statesman, his inclination led him the direction 
engineering.” And that ‘‘during his official life, was 
intrust work requiring engineering skill, educated and experienced 

That Washington and his advisors recognized the importance 
having engineers appointed for the Continental Army, early the 


Probably the first enterprise the kind seriously discussed the colonies, William 
Penn had referred to the subject in the century before, 


Letter dated London, Aug. 22, Franklin writes: glad 
Papers were agreeable to you. I fancy work of that kind is set on foot in America, I thinkit 
would be saving money to engage, by a handsome salary, an engineer from here, who has 
been accustomed business. The many canals foot here under different great 
masters, are daily raising a number of pupils in the art, some of whom may want employ- 
ment hereafter, and a single Mistake thro’ Inexperience in such important Works, may cost 
much more than the Expense of Salary to an ingenious young Man already acquainted with 
both Principles and Practice. This the Irish have learned at a de:r rate in the first attempt 
their great Canal, and now are endeavoring get Smeaton come and rectify thelr 
Errors. With regard your question, whether best make the Schulykill part 
the Navigation the back country, whether the difficulty that River subject all 
the inconveniences of Floods, Ice, &c., I can only say that here they look on the constant 
Practicability of a Navigation, allowing Boats to pass and repass at all times and seasons, 
without Hindrance, point the greatest importance, and therefore, they seldom 
ever use a river where it can be avoided. Locks in rivers are subject to many more er! 
dents than those in still water canals ; and the carrying away a few locke by the Freshets 0 
Ice, not only creates a great expense, but interrupts business for a long time till repaireare 
made, which may soon be destroyed again. and this the carrying on a course of business oy 
such & navigation be discouraged, as subject to frequent interruptions. The Toll, too, mith 
be higher to pay for such repairs, Rivers are ungovernable things, especially in Hilly 
Countries, Canals are quiet and very manageable, Therefore they are often carried 
by the Sides of the Rivers, only on Ground above the Reach of Floods, no other use being 
made of the Rivers than to supply occasionally the waste of water in the canals. au 
‘I warmly wish success to every attempt for Improvement of our dear country, snd# 
with sincere Esteem, 
“ j 
Yours most affectionately, 
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struggle for independence, there doubt, for find that June 
1775, the Continental Congress resolved: That there one chief 
engineer the grand army, and that his pay $60 per month; that 
two assistants employed under him, and that the pay each them 
$20 per month; that there one chief engineer for the army 
separate and two assistants under him; that the pay the 
chief engineer $60 per month, and that his assistants each $20 per 
month. 

“The pay chief engineer and assistant engineer, was what the 
grades colonel and captain received that time, and the officers 
appointed the army under this resolution were commissioned accord- 
ing those ranks. This practice only continued for short time and 
April, 1776, find that assistant engineers were commissioned with 

December 27th, 1776, Congress resolved: That General Washington 
vested with full, ample and complete powers raise, officer 
and equip 3000 light horse, three regiments artillery and corps 
engineers and establish their pay.” And early 1777, four officers from 
the Royal Corps Engineers the French army were added the 
Continental army, Brig.-General Louis Begue Portail taking pre- 
cedence all other engineers the service. The first companies 
engineer troops the American army were established under the resolu- 
tion Congress, May 7th, 1778. General Portail continued 
commanding officer the corps until the close the 
Revolution. 

After the Revolution attention was directed the establishment 
boundary lines between the States. Captain Thomas Hutchins, who was 
appointed Geographer General the United States 1781, held that 
position until his death, 1789. was succeeded his deputy, Andrew 
Ellicott, one the Commissioners, running the western boundary line 
Pennsylvania 1785, and extending Mason and Dixon’s line, 1784. 
1801, the office Surveyor-General the United States was created 
and Andrew Ellicott was appointed that position. 

After peace was declared 1783, attention was also directed 
internal improvements, especially the Southern States. Brindley’s 
England demonstrated the feasibility canal construction 
and many canals were projected this country. The first charter under 
which active operations were prosecuted, which have found record, 
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was granted when the James River Company 
the Legislature Virginia January 5th, 1785. The company 
structed canal around the falls James River, extending from the City 
Richmond Westham, for the purpose improving the navigation 
the James River, and afterward improved the bed the river 
sluices high Buchanan. This canal was subsequently 
and extended, mainly State aid. 

The Dismal Swamp Canal, commenced 1787, under joint charter 
Virginia and North Carolina, was opened 1794, George Washington 
and Patrick Henry being shareholders the company. During thewar 
1812-14 this canal afforded water channel communication for 
can boats being free from the attacks British cruisers. 

charter was granted June 25th, 1792, the proprietors the 
locks and canals the Merrimac River,”* and this company 
line 1797, miles long. 

The Carondelet Canal was constructed Governor Carondelet, 
Louisiana, about 1794, partly drainage canal for the City New 
Orleans. The citizens contributed the labor large force 
aid the undertaking. 


* Mr. James B. Francis, M. Am. Soc. C, E., writes from Lowell, Mass,, August 25th, 18%, 
as follows: 
Dear Sie; 

Since writing you reply your letter July 29th last, have been looking 
early engineers in this part o! the country. : 

In 1793 a charter was granted by the State of Massachusetts, incorporating the proprietors 
of the Middlesex Canal, to construct a caual from the tide-water near Boston to the Merrimas 
River at Chelmsford, Mass., a distance.of about 25 miles, A board of directors was chosen 
who appointed a committee to carry on the work. In a report before me, it is stated: 
“‘ Here the committee was met by an almost insurmountable difficulty; the science of civil 
engineering was almost unknown to any one in this part of the country. They were, how 
ever, determined to persevere.” After some explorations, ‘‘ March Ist, 1794, the directors 


passed a vote appointing Loammi Baldwin to repair to Philadelphia and endeavor to obtain . 


Mr, Weston’s (an English engineer) assistance in conducting the canal. If he cannot come, 
then that endeavor obtain some other person who shall recommended 
and that said agent be authorized to write to Europe for some suitable person for the under- 
taking if none can be found elsewhere.” Mr. Baldwin engaged Mr. Weston, who atrivel 
about the middle of July, and made a full report in August, 1794. 

“The work was prosecuted with great caution from the commencement of the year 1803, 
. which time it was so far completed as to be navigable from the Merrimac to Charles 
River.” 

From the above infer that Mr. Weston cannot give his initials) was the first 
who was called a civil engineer, employed in Massachusetts and probably in New England. 

Loammi Baldwin lived at Woburn, on the line of the canal about ten miles from a 
and was the intimate friend of Benjamin Thompson, afterward Count Rumford, a natived 
the town. Mr. Baldwin was one of the directors of the company, and appears to have taken 
an active part in the construction of the canal; three of his sons became prominent engi- 
neers. Loammi was the engineer of the dry dock in the Charlestown Navy Yard, construc 
about 1830, and believed the first work the kind the United States, and 
use. James F. was the chief engineer of the Boston and Lowell Railroad, opened fort pr 
in 1835, and of the Boston Water Works. George Rumford, the youngest son, named after 4 
father’s friend, Count Rumford, was retiring habit and delicate health, died 
two years since in his ninety-first year. He resided for some time in Quebec, and was 
engineer ef the water works there. m oon 

espectfully yours, 
United States National Museum, 
Washington, D. C. 
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miles long was built South Carolina 1802, connect 
Harbor with the Santee River, cost $720 000. 

work entitled Historical Account the Rise, Progress and 
Present State the Canal Navigation Pennsylvania” was published 
Philadelphia 1795, direction the President and Managers 
the Schuylkill Navigation Company, which Robert Morris, the presi- 
dent the company, states that 1789 few citizens Pennsylvania 
had united the name the Society for Promoting the Improve- 
ments Roads and Inland Navigation,” and that the number mem- 
bers has since increased more than one hundred, residing various 
parts the State. 

March 20th, 1794, Congress authorized President Washington con- 
struct fortifications for the protection certain harbors along the coast. 
there were few engineers America, the President directed the tem- 
porary appointment number French engineers, some whom 
had been the Revolutionary Army. Among them were John Jacob 
Ulrich Rivardi, John Vermonet, Nicholas Francis Martinon, Paul Hya- 
cinte Perrault, Stephen Rochefontaine, Charles Vincent, Peter Charles 
who were appointed and entered upon the discharge this 
duty between the 25th March and the 12th May the year 1794.* 

This corps was stationed West Point where the Military School 
had been organized, the Secretary War having been authorized 
necessary books, instruments and apparatus.” 1796 these 
books, were destroyed fire and the school was not reopened until 
1801, under direction Major Jonathan Williams, 
Andrew Ellicott, the United States, being appointed 
Professor Mathematics, and continuing until his death 1820. 
acommunication President John Adams, January 31st, 1800, James 
McHenry, Secretary War, speaking the duties the Engineer 
Corps must not conclude that the service the engineer 
constructing fortifications. This but single branch 
the profession; their utility extends almost every department war; 
besides embracing whatever respects public buildings, roads, bridges, 
canals, and all such works civil nature.” 

Act March 16th, 1802, which the military peace establish- 
ment was fixed, was provided Section 27: ‘‘That the said Corps, 


*See Historical Sketch Corps Engineers, page 
had been appointed Commandant the Corps 1795. 
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when organized, shall stationed West Point, the State Ney 
York, and shall constitute Military Academy; and the 
assistant engineers and cadets said corps shall subject all time 
duty such places and such service the President the United 
States shall direct.” 

this time the project constructing national road from 
ington the Ohio was actively discussed. The ordinance 1787 under 
which the North West Territory was established, contained clanse 
which stipulated that per cent. the proceeds all land sales should 
devoted its construction. The act providing for the survey and 
construction the National Road was not passed, however, until 1806, 
when during the administration Thomas Jefferson systematic surveys 
and exploitations the great West, were inaugurated and carried for 
ward with zeal and intelligence. The construction this road was 
portant, since settled, after long contest, the important constitational 
question, that was lawful use the nation’s money for the 
tion lines inter-communication, and for the improvement rivers 
and harbors. This road was opened 130 miles Wheeling, 1820, the 
cost that time being about 000 000. 

The necessity survey the coast the United States was dis- 
cussed during the latter part the last century. The necessity for bet- 
ter charts had been recognized for many years all navigators who 
approached our shores, but law authorizing any survey was passed 
until that February 10th, 1807, upon the recommendation Thomas 
Jefferson. stated recent report the Coast Survey that “the 
plan adopted for its execution was the one proposed and previously 
foreshadowed Mr. Ferdinand Hassler, who came America 
the fall 1805, being man fine scientific attainments and 
ing experience the triangulation the Canton Berne, 
land.” protegé Dr. Robert Patterson, President 
Philosophical Society, and Albert Gallatin, Secretary the Treasury. 

1811 Hassler was sent England have instruments constructed 
from designs prepared him. was detained there the war until 
1815, when returned and was appointed Superintendent the 


vey, August, 1816, but April, 1818, appropriations were suspended. 


*The survey the coast the United States was probably suggested the 
rical Survey of Great Britain, which was prosecuted with great vigor under General Bor, 
beginning about 1790. Compare “The Origin of the National Scientific and Educational 
Institutions of the United States, by Dr. G. Brown Goode,” Papers of the American Histor- 
ical Association, April, 1890, pages 44 and 45. 
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Under the Act passed April 29th, 1816, General Simon Bernard was 
placed charge the Board Engineers for Fortifications,* and vir- 
tually West Point Academy. Soon after Bernard’s appointment ap- 
propriations for the Coast Survey were suspended, and tactics, text-books, 
were introduced West Point, requiring more thorough 
edge the French tongue than heretofore; hence extended course 
the study that language was organized. General Bernard and the 
officers associated with him were conversant with engineering progress 
abroad, and consequently were looked upon authorities all such 
subjects here, and their opinions were eagerly sought capitalists, 
projectors railways and canals, and statesmen and public minded 
who were anxious hasten internal improvements America. 
From these sources great pressure was brought bear upon Congress 
during the latter part the administration President Monroe.t 

Under the Act April 30th, 1824, the National Board Engineers 
for Internal Improvement was organized, and continued until August 
10th, 1831, when General Bernard, who had some disagreement with 
President Jackson, resigned and returned France. these 
eight years many the Engineer Corps were engaged exploration, 
preliminary surveys for canals and railways, and the preparation 
plans for the construction bridges, roadbeds and 

five hundred and seventy-two men graduated from the West Point 
Military Academy from 1802-29, forty-nine were appointed chief resi- 
dent engineers railways canals previous 1840. 


*The reports made by this Board form the basis of the system of permanent fortifica- 
tions along our coast. 

t April 30th, 1824, it was enacted: That the President of the United States is hereby au- 
thorized to cause the necessary surveys, plans and estimates to be made of the routes of 
such roads and canals as he may deem of national importance in a commercial or military 
point of view, or necessary for the transportation of the public mail, designating in the case 
of each canal, what parts may be made capable of sloop navigation; the surveys, plans and 
estimates for each, when completed, to be laid before Congress. 

Sc. 2. That, to carry out the objects of this act, the President be, and he is hereby, au- 
thorized toemploy two or more skillful civil engineers, and such officers of the Corps of 
Engineers, or who may be detailed to do duty with that corps, as he may think proper, and 
the sum of thirty thousand dollars be, and the same is hereby, appropriated, to be paid out of 
the Treasury not otherwise appropriated, (See Hist. Sketch Corps Engineers, 


also Extract from Vol. Cullum’s Biographical Register Graduates West 
Point, in Appendix. 


{Prominent among them were: Major John Wilson, U. 8. A., who had charge of the pre- 
liminary surveys of the Camden and Amboy and the Columbia and Philadelphia Railroads; 
and with the construction of the latter road from 1827 until his death in 1833. (1.) Joseph 
G. Swift, Engineer, New Orleans Railroad. (71.) John James Abert, Engineer, Louisville 
Canal; afterwards Chief Topographical Engineers. (172.) Chesapeake 
and Ohio Canal; Baltimore and Ohio, Baltimore and Susquehanna, and Boston and Provi- 
dence Railroads, (214.) George W. Whistler, in charge of engineering works in Russia; and 


ae Paterson and Hudson Railroad. (291.) General William Cook, for many years 


igineer, Camden and Amboy Railroad. (297.) William C, Young, Chief Engineer of 

Several N (302.) Isaac R. Trimble, Chief Engineer, Boston and Providence 
.) David B. Douglas, Chief Engineer, Morris Canal. (361.) Dennis y, Mahan, 
(370.) John Fessenden, Chief Engineer, Boston and 


(516.) Stephen H, Long, Engineer, Baltimore and Ohio, Portage, Charles- 
and several other roads, 


ew York railroads. 
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the next session Congress (1832) after General 
nation and return France, the act 1807 establishing the 
Survey was revived, and Mr. Hassler was placed again its 
but from 1832 1836 this survey was under the charge the 
Department. the Centennial (1876) Report the Treasury Depart- 
ment, Vol. (page 114), stated that the Coast Survey 
owes its present form, and perhaps its existence, the zeal and 
ability the first the organization, exists 
to-day, complete every branch, the creation Alexander Dallas 
Bache.* 

survey may said have commenced 1832, and between 
that date and the close 1843, the Fire Island base had been measured; 
network triangles, primary and secondary had been extended over 
the coast from Point Judith Cape Henlopen and the Chesapeake, and 
the topography and hydrography had made commendable advance 
within the same limits.” 

1845 the Atlantic coast was divided into sections, which work was 
carried simultaneously; 1849, Pacific coast similarly divided. 

The original intention having the West Point Military Academy 
directly under the charge the officers the Engineer Corps 
teachers, professors, etc., could not fully carried out from the fact 
that these officers were assigned duty various States and districts, 
that became necessary appoint instructors from various walks 
life, but the charge and superintendency the Military Academy 
West Point remained the Corps Engineers until July 13th, 1866. 

June 22d, 1831, regulation the War Department the 
graphical Bureau the Engineer Department was constituted sepa- 
rate bureau the service. 

the report Chief Topographical Engineers, will 
found that the following officers were assigned civil duty: 

Lt.-Col. Kearny, the survey for railroad eastern shore 
Maryland; Lt.-Col. Long, the survey for railroad, Belfast, 

Quebec, Canada and from Merrimac River the Connecticut River; 


* Superintendents of the United States Coast Survey: Ferdinand R. Hassler, August, 
1816, to April, 1818; Ferdinand R. Hassler, August, 1832, to November, 1843, died; Alexander 
D. Bache, December, 1843, to February, 1867; Benjamin Pierce, February 26th, 1867, to Feb- 
ruary, 1874; Carlisle Patterson, February 17th, 1874, august 17th, 1881, died; Hil- 
gard, December 22d, 1881, to August 7th, 1885, resigned; F, M. Thorn, July 24th, 1885, to July 
1st, 1889, resigned; T. C. Mendenhall, July 9th, 1889; now in charge. 
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Maj. McNeill, superintending construction Long Island Rail- 
road; Maj. Graham, surveying railroad, Pensacola, Fla.; Capt. 
Williams, surveying projected railroad, Charleston Cincinnati, 

Thus will seen that five the ten officers the Corps Topo- 
graphical Engineers were assigned duty not connected with the 
army. the thirty-five projects which the Corps Topographical 


Engineers were engaged 1835, fifteen were canal and railway surveys 
Before the establishment the Military Academy West Point 
(1801), the few prominent American engineers were men general edu- 
cation and scientific attainments who received defined engineering 
education; but obtained the information, which guided them their 
work, from the reports scientific societies, and the very scant supply 
engineering literature, then extant. And similar condition 
affairs prevailed England. 
Among the early American civilian engineers were Thomas Hutchins, 
the first Geographer-General, and Andrew Ellicott, the first Surveyor- 
General the United States, previously alluded to; John Stevens 
Hoboken, J., who published most valuable pamphlet 1812, show- 
ing the advantages railway over the canal; James who 
was the first engineer engaged the Surveys the Erie Canal, 1811; 
General Andrew pupil Rittenhouse, Boundary Com- 
missioner and Surveyor-General the State Pennsylvania Hon. 
Benjamin Wright, Chief Engineer Erie Canal 1817, and the Chesa- 
peake and Delaware and the James River Canals, also the Delaware 
and Hudson, 1825, and the Erie Railroad its beginning, Canvass 
White, Chief Engineer Erie Canal, 1818, Union and Lehigh Canals, 
1825; Delaware and Raritan and Morris Canals, 1830, and other im- 
portant works; and John Sullivan Boston, Chief Engineer Dela- 
ware and Hudson Canal, 1824. 
Although America depended largely upon the West Point Military 
Academy for civil engineering talent the early part the century, 
American State Papers, Vol. II, Military Affairs, page 198, 
River; See New York Relation the Erie and Champlain Canals, together with 
the Annual Reports the Canal Commissioners, Vols, Published Albany 
authority of the State of New York, 1825, 
Note also paper Vol. Publications the Buffalo Historical Society: Origin and 
History the Events that Led the Construction the Erie George Geddes 
biographical notice, see Pennsylvania Magazine History and Biography, Vol. 


the library the Pennsylvania Historical Society, Philadelphia. 
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this condition affairs could not long continue. canal and 
projects grew apace, men whose education was obtained the schools 
experience were necessarily called responsible positions, both 
surveys and construction and was owing the possession those 
admirable traits early American character, energy, perseverance and 
close observation that led some the young men, who began 
and rodmen rise the profession until they became distinguished 
engineers. 

Notable instances this fact are found the careers the 
following: John Edgar Thomson, engineer ability, and afterward 
President the Pennsylvania Railroad, began chainman the 
Portage Railroad 1827. 

John Jervis (born 1795), (whose memoir American Engineering 
was published the Am. Soc. E., for February, 
1877), also began the bottom the ladder rodman the 
Erie Canal 1817, and rose Division Engineer the Erie Canal 
1821, Chief Engineer Delaware and Hudson Canal Company, 
Chief Engineer Mohawk and Hudson Railroad, 1830, Chief Engineer 
Croton Aqueduct, 1836, and the Boston Aqueduct 1845, and the 
River Railroad 1847. 

Horatio Allen, began assistant Mr. Jervis 1828, and 
soon became Chief Engineer the South Carolina Railroad, and 
was prominent engineer during long and busy life which came 
close the last day 1889. 

Milnor Roberts, began rodman the Mauch Chunk 
road, 1827; his Engineering Reminiscences are recorded the 
tions Am. Soc. E., August, 1878. 

Solomon Roberts, began assistant the Allegheny Portage 
Railroad, 1831, and became distinguished engineer. 

Hasell Wilson, began chainman the Pennsylvania Canal, 
1827, and became Principal Assistant Engineer Reading Railroad, 
and Chief Engineer Gettysburg Railroad, 1838, and has held many 
positions importance under the Pennsylvania Railroad. 

Henry Campbell, began rodman the Columbia Railroad, 
1828, and became Chief Engineer 
Norristown Railroad, 1832. 

William McAlpine, who began rodman the Delaware and 
Hudson Canal, 1829, under John Jervis, and whose ability Mr. 
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Jervis pays tribute his memoir, attained position eminence 
hydraulic engineer. His death, since our last convention, 
deeply mourned. 

Whatever may the relation engineering science the history 
the progress other nations, America may fairly said that 
the engineering profession typifies better than does any other the rest- 
less, progressive, practical spirit which has made this nation what is. 

all parts our country are found columns, and statues, museums 
and scholastic foundations which preserve the memory our warriors 
our philanthropists and our philosophers. The political, 
nilitary and literary annals all nations have been sacredly guarded 
all times, but the name the architect who made the original design 
for the Cathedral Milan, was lost oblivion before that edifice was 
completed. may not able perpetuate the memories the 
great pioneer engineers America granite, marble bronze, 
let least make the endeavor preserve faithful record their 
achievements, that future generations Americans shall not forget 
the names Fulton, Stevens, Jervis, Eads, Ericsson, the 
galaxy brilliant men who have made possible develop the 
resources our country, and whose works have carried the fame 
Amcrican engineers every part the civilized world. 


ENGINEERING INSTRUMENTS. 


The pace mentioned once} the Old Testament. The mile also 
mentioned once the English translation the and that 


_* Among bumerous other civilian engineers, who have since filled positions of responsi- 
bility, are the following: William Strickland, Assistant Engineer, Pennsylvania Canal, 1826, 
andan author and architect of prominence; B. H. Latrobe, Chief Engineer Baltimore and 
Ohio Railroad; William Kk. Hopkins, Engineer Pennsylvania Canal, 1828; Moncure Robin- 
Son, under whose direction the surveys over the Allegheny Mountains were made for the 
Portage Railroad. in 1829; Sylvester Welch, Chief Engineer of the Allegheny Portage Rail- 
road, in Pennsylvania, 1829; James Archibold, Chief Engineer Pennsylvania Coal Company, 
1829; Russel T. Lord, General Superintendent and Engineer, Delaware and Hudson Railroad, 
1830; Ashbel Welch, Eavineer of the Raritan Canal, and Chief Engineer Belvidere Railroad, 
and President and Chief Engineer of the United Railroad and Canal Company of New Jersey, 
for many years; Samuel W. Mifflin, who began as an assistant on the Columbia Railroad, 
and after serving as Principal Assistant Engineer on Pennsylvania Works, became Chief 
Engineer, Huntington and Broad Top Railroad; Robert Pettit, J. Brinton Moore and others, 
Charles Vignoles, who began his assistant the State Engineer South 

where was employed from 1817 1823, became Resident Engineer the Liver- 
o and Manchester Railway from 1825 to 1827, To Vignoles has bee. assigned the credit of 
b= eet the T-rail, in 1836, with a base, which is kaown in England as the Vignoles 
(This error, the first rail rolled with base was designed and manufac- 
: ed under the direct supervision of Robert L. Stevens, in 1830.) Of all these men not 
ne was fortunate enough to have a technical education. 


was that when they that bare the ark the Lord had 
Gone six paces, he sacrificed oxen and fatlings.’’ 


41: And whosoever shall compel thee goa mile, with him 
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the New Testament. The cubit the general biblical measure, 
its length, without doubt, varied different ages and different places, 
the belief Flinders Petrie and other who 
made study comparative metrology. The measuring rod, rule and 
line were used very early day. The quana, measuring 
cubits long, corresponding our foot rod, alluded Ezekiel, 
Chapter xl. and The Prophet Isaiah (in the revised version) 
ferring the graven images, the worship which was forbidden 
the Jewish law, describes the manner which these idols were marked 
out with the compasses and measured with the line.* 

The scale which forms part the statue the Chaldean 
Tello, previously alluded and now the Louvre, the oldest 
authentic measure known. thus described catalogue the 
Paris Exposition 1889: 


like the doubles dicinicbres which are used our architects and 
neers. Its length about centimeters or, more precisely, about 260 
the pieces the end, not marked off, are not taken into 
account. The unit measure answers the span half cubit the 
Chaldeans. This ruleis also, asit would seem, dividing instrument. One 
its edges divided into sixteen equal parts, which are then subdivided 
twos into halves, thirds, quarters, fifths and sixths; then the 
posite edge, the sixths are divided into two parts, and into three parts, 
which produces twelfths and eighteenths—although the second 
very much mutilated the original statue, still has been, from cer- 
tain indications, possible restore ninthsand sixteenths. The 
tion the rule, beam-tree wood, was made with the help Tareb.” 


other specimen can give better proof the advancement 
science, the time Joudea, among the Chaldeans, the first makes 
system measurements. 

would appear that the wooden measuring rod was used before the 
line chain. Before gunpowder was invented the spear was used 
all savage tribes, and the Egyptians and Romans, probably 
sure The names rod” and both indicate 
their origin, and wooden rod 16} feet length, which fur 
‘‘is long rod can handled conveniently, even strong 


* “The smith maketh an axe and worketh in the coal and fashioneth it with hammer 
and worketh it with his strong arms.”’ 

“The carpenter stretcheth out a line, he marketh it out with a pencil; he sharpeneth it 
with planes, and marketh out with the compasses and shapeth after the figure 
map,” Isaiah, xliv. 

Scantling and boards our day are seldom cut more than feet long.” 


. 

3 

* 
| 


WATKINS BEGINNINGS ENGINEERING. 


man.” The rod wood was also favorite, doubtless from the fact that 


moisture did not cause vary seriously length. hide 
ropes vegetable fibre, unless carefully prepared, were not suitable for 
measures even approximate exactness. book printed London, 
1562, entitled the Most Profitable and Commendable Way Sur- 
drawn and collected the Industrie Valentine 
Leigh,” the surveyor informed that measurements may made 
and commodious.” also here stated your lyne being foure 
perches lengthe, and every perche ende knot, should well 
seared with hoate waxe and rosen,” Leigh speaks the length 
time. Scheventerus quoted saying ‘‘A rope may contract one-six- 
teenth its length when wet, and Wolfin directs that the little strands 
whereof the rope consists twisted contrariwise, and the rope dipped 
boiling hot oil and when dry drawn through melted wax.” 

1723, book written Bion, entitled the Construction and 
Principal Uses Mathematical Instruments,” appeared French, which 
was followed 1725 English translation. The perusal this book 
will demonstate the fact that excellent instruments for measuring lengths 
and angles were used the French engineers one hundred and seventy- 
five page will found the following description 
the lines and rods used measure length: 


(see Fig. 12, Plate 27) ought good pack thread 
whip-cord, well twisted, and convenient thickness that they may 
not easily stretch. The toise (see Fig. 13, Plate 27) fathom, round 
staff foot long, divided into feet little rings, brass pins, the last 
foot being divided into inches, likewise distinguished little brass 

There are toises that may taken into two, three four pieces, 
means ferils and brass screws the end each piece. There are 
also two brass steel ferils put upon each end the toise pre- 
serve its length. the year 1668, there was placed new toise for 
standard the foot the stairs the Grand Chatelet, Paris, for 


having recourse case need.” 
The flag-rod, know it, called staff, and thus described: 


are made hard wood, foot long, cut peeked one end, 
upon which are pointed caps iron, make them easier the 


ground. There are sometimes longer ones made, order seen 
great distance.” 


Rules bronze were used the Egyptians, Greeks and Romans. 
1835, MM. Jomard and Walckenaer reported the Academie des 


* See Rees’ Encyclopedia, 1810. 
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Inscriptions the description Roman foot-rule that was found 
Upon were marked the various measures use the 
years 253 268 the Roman Empire.* 

Metallic measures longer than few feet would, necessity, 
wieldy account their weight. Gold, silver, bronze and iron were 
worked small pieces for chains for ornaments use, very early 
age. Who can tell but that the neck chain some ancient monarch 
his queen may have been the unit measure among his tribe nation, 
Edmund Gunter are indebted for the decimal division 
the 66-foot chain into 100 links 7.92 inches each. 


Bion describes the French chains use 1723 follows: The chain 
(see Fig. 14, Plate composed several pieces thick iron brass 
wire, bent the ends, each which foot long, and are joined 
gether with little rings. Chains are commonly perch, else 
toises, (24 feet) length, distinguished great ring from toise 
toise. These sort chains are very commodious, because they will 
not entangle themselves, those will that are made with little iron 

Sir George Schuckburg, England, about 1780, had his chain 
made and corrected its length allowing .05 inches for 13} 


degrees temperature. Rees’ states that the chain 


ordinarily used for long distances lengths 100 feet, each link 
foot,” and measuring towns chain feet length, consisting 
links, the most commodious.” short chain also 
(for measuring small gardens parcels). was rod long, consisting 
links 1.98 inches long. 

very interesting discussion which appeared the Railway 
about year ago, the facts regard the origin the 100-foot chain 
were record several correspondents. appears that although 
chains 100 feet length had used previously, Colonel 
Long was probably the first person dispense entirely with the 
foot chain and put the 100-foot general use extensive 
survey the Baltimore and Ohio Railroad, 1827-30. Railroad 
Manual,” published 1829, contained explicit directions regard 
ment, together with table cords 100 feet. 

With the advancement the textile industry became 
weave tape moderately free from contracticn when wet, and the tape line 


came into use for measuring with approximate correctness. 


tapes with ten dozen copper wire strands the warp, were 


September 26th, 1835. 
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duced perhaps twenty-five years ago. The steel tape with vernier for 
correcting length according temperature now used for accurate 
measurements. 


Although the Odometer, measuring wheel, was known the 
before the Christian era, does not appear have been in- 


* Vitruvius (Chap. XIV), thus describesa Roman Measuring Wheel: Let us now consider 
invention means useless, and delivered the ancients ingenious, and 
by means of which, when on a journey by land or sea, one may ascertain the distance 
traveled. It is as follows: The wheels of the chariot must be 4 feet diameter; so that, 
marking a certain point thereon, whence it begins its revolution on the ground, when it 
has completed that revolution, will have gone the road over space equal 
feet, This being adjusted on the inner side of the nave of the wheel, let a drum-wheel be 
securely fixed, having one small tooth projecting beyond the face of its circumference; 
and the body the chariot let small box fastened, with drum-wheel placed 
revolve perpendicularly, and fastened to an axle, The latter wheel is to be equally divided 
its edge, into four hundred teeth, corresponding with the teeth the lower drum-wheel; 
besides the above, the upper drum-wheel has on its side one tooth projecting out before the 
others. Above, in another enclosure, is athird horizontal wheel toothed similarly, and so that 
the teeth correspond with that tooth which is fixed on the side of the second wheel. In the 
third wheel just described are many holes are equal the number miles 
usual day’s journey. It does not, however, signify, if they be more or less. In all the 
holes let small balls be placed, and in the box or lining let a hole be made, having a channel, 
through which each ball may fall into the box of the chariot, and the brazen vessel placed 
under it, Thus, as the wheel proceeds, it acts on the first drum-wheel, the tooth of which, 
in every revolution, striking the tooth of the upper wheel, causes it to move on; so that 
when the lower wheel bas revolved four hundred times, the upper wheel has revolved only 
once, and its tooth, which is on the side, will have acted on only one tooth of the horizontal 
wheel. Now, as in four hundred revolutions of the lower wheel, the upper wheel will only 
have turned round once, the length of the journey will be 5 000 feet, or 1000 paces. Thus, 
by the dropping of the balls, and the noise they make, we know every mile passed over; and 
each day one may ascertain, by the number of the balls collected inthe bottom, the number 
of miles in the day’s journey, In navigation, with very little change in the machinery, the 
same thing may be done. An axis is fixed across the vessel, whose ends project beyond 
the sides, to which are attached wheels 4 feet diameter, with paddles to them touching the 
water, That part of the axis within the vessel has a wheel with a single tooth standing out 
beyond its face; which place box fixed with wheel inside having four hundred 
teeth, equal and correspondent to the tooth of the first wheel fixed on the axis. On the side 
of this, also, projecting from its face, is another tooth. Above, in another box, is enclosed 
another horizontal wheel, also toothed, to correspond with the tooth that is fastened to the 
side the vertical wheel, and which, every revolution, working the teeth the hori- 
zontal wheel, and striking one each time, causes it to turn round. In this horizontal wheel 
holes are made, wherein the round balls are placed; andin the box of the wheel is a hole 
with channel it, through which the ball descending without obstruction, falls into the 
brazen vase, and makes it ring. Thus, when the vessel is on its way, whether impelled by 
oars or by the wind, the paddles of the wheels, driving back the water which comes against 
them with violence, cause the wheels to revolve, whereby the axle is also turned round, 
and consequently with it the drum-wheel, whose tooth, in every revolution acts on the 
tooth in the second wheel, and produces measured revolutions thereof. Wherefore, when 
the wheels are carried round the paddles four hundred times, the horizontal wheel 
will only have made one revolution the striking that tooth the side the 
wheel, and thus, in the turning caused by the horizontal wheel every time it brings a ball 
the hole falls through the channel, this way, sound and number, the number 
miles navigated will ascertained. appears me, that have completed the de- 
scription in such a manner that;it will be easy to comprehend the structure of the ma- 
chine, which will afford both utility and amusement times peace and safety. 
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troduced into England France before the 18th century. 
describes wheel with clock-work and counter (see Fig. 15, Plate 

The mile* (Roman mille passus), derived from mille, 
strangely enough our day has lost all connection with the 
system. discussing the origin the English mile, Petrie 
that the statute mile and furlong were probably independent 
other originally,” and that ‘‘the earliest mile near the statute mile was 
one 5000 feet, defined furlongs, perches and palma” 
The furlong probably the older measure, and the 280 
were added between 1350 and 1470 the 000 make mile 
furlongs. The origin the English mile, the acre, and the 
chain has been discussed other eminent who find 
the Roman mile, the German mile, the Irish mile and the English mile 
have varied length different centuries. 

The acre, established Edward was 160 square perches, 
long and wide. piece ground laid off this shape was easily 


hydraulic engineering was practiced the earliest times, the 
must have been used centuries ago. Crude form first was 
ally improved until reached the perfection 


* See ‘‘ Old English Mile,” by W. Flinders Petrie, Proceedings Royal Society, Edinburgh, 
Vol, XII, 115. 


t See “‘ Penny Cyclopedia.” I have seen it stated, but I cannot find the reference, that 
the perch’was originally three times the height of a man, 

+ Vitruvius thus describes the chorobates, a kind of level used previous to the Christian 
era: The chorobates rod about feet length, having two legs its 
equal length and dimensions, and fastened the ends the rod right angles 
Between the rod and the legs are cross pieces fastened with tenons, whereon vertical 
are correctly marked, through which corresponding plumb lines hang down from 
When the rod set, these will coincide with the lines marked, and show that the 
ment stands level. But the wind obstructs the operation, and the lines are 


motion, that one cannot judge them, let channel cut the top the rod, 
long, 1 inch wide, and half an inch high, and let water be poured into it; if the water toual 
each extremity of the channel equally, it is known to be level. When the chorobates® 
thus adjusted level, the declivity may be ascertained. Perhaps some one who may have res 
the works of Archimedes will say that a true level cannot be obtained by means of wale, 
because that author says that water is not a level, but takes the form of a spheriod, whos 
center is the same as that of the earth. Whether the water have a plane of spheroidal 
surface, the two ends of the channel on the rod, right and left. when the rod is level, will, 
sustain equal height water. inclined toward one side, 
end which is highest will not suffer the water to reach to the edge of the channel of the rule. 
Hence, it follows that though water poured in may have a swelling and curve in the midds, 
yet its extremities to the right and left will be level. The figure of the chorobates will 
given at the end of the book. If there be much fall, the water will be easily conducted, bul 
if there be intervals of uneven ground, use must be made of substructions.—Vitruvius, Book 
VIII, Chap. 6, pages 195, 196, 
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Bion describes* several types water levels, plumb levels, air 


levels and telescope levels, which only necessary illustrate (see 
nd, Figs. 16-22, Plate the method their construction and use 
nal quite clear. describing the latter states that: the end the 
tube the telescope enters the little tube carrying the eye-glass and 
ach human hair, horizontally placed, the focus the object glass.” 
Among the earliest instruments for measuring angles was the gnomon 
with which the Babylonians were familiar, and from whom Herodotus 
states (II, 109), Greeks learned the use it, together with the 
feet pole.” The comparison the perpendicular height the gnomon with 
the length its meridian shadow projected horizontal plane 
foot the days its summer and winter solstices, afforded the early as- 
tronomers opportunity calculate the difference the sun’s meri- 
nile dian altitudes those days. 
Although the circle figure which has been found nature from 

time immemorial, Isaiah xliv, 13, contains the only reference pair 
sily compasses found the Bible. The Hebrew word which was 
translated the old version, mehugah, from hug, circle, 
and mehug, something make circle. the revised version the phrase 

translated, marketh out with the gompasses.” There can, there- 
fore, little doubt that instrument similar what now known 
the dividers was used the Hebrew mechanics. 

that, even accept the theory deutero Isaiah, this instrument 
can certainly claim the respectable antiquity the 6th century 
The circle was associated with the measurement time and for 
astronomical observations many centuries before the Christian era. The 
it, will bring the shadow the degrees which gone down the sun 
dial Ahaz, degrees backward. the sun returned degrees 
which degrees was gone down.” 
The division the circle into 360 degrees usually ascribed the 
Egyptians,t probably from the circle the sun’s annual course, ac- 
whose early Biblical translators was supposed that this dial might have been simple 
shadow fell upon the steps the palace that each step was 
e. that egree. More recent writers believe, however, that these degrees were marked on a 
division the circle into 260 degrees has not been the custom from time immemo- 
the papers Sayce and Bosanquet, describing planisphere found the palace 
Book now the British Museum, the Monthly Notes the Royal 


Astronomical Society for 1880, Vol. II, No. amply proved, 


. 
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cording their number the year, allotting degree each day, 
convenient number, too, admitting great many aliquot 
been condemned improper many eminent mathematicians, 
Stevinus, Oughtred (1574-1660), Wallis (1616-1703), Briggs 
and Newton, all whom advised decimal division instead 
else that centesms, the degree into one hundred parts and each 
these into one hundred parts, and on. Sir Isaac Newton 
made several large tables sines according the plan dividing 
degree into 100 minutes 100 seconds each. Some French 
cians divided the quadrant into 100 degrees, and those into 
degrees. William Crabtree, Gascoigne and Jeremiah Horrocks* 
1641) projected tables with complete decimal divisions, the whole 
the circle being divided into 100 000 000 Dr. Charles 
the early part this century, published extensive tables giving 
lengths arcs various decimal degrees terms the radius. 
Comenius who published Sensualium Pictus,” 
into English Charles 
1658, describes the instruments 
(see Fig. 23) used the geome 


trician (C. V.), follows: 
geometrician measureth the height 
places, 3....4, either with 
marketh out the figures things 
these arise oval, 18, 
gle, 14, quadrangle, 
other figures.” 


Among the simpler instruments for surveying the cross, 
scribed Bion (Math. Insts., Chap. I): 


surveying cross (see Fig. 24, Plate 27) brass circle good 


Horrocks observed the first transit Venus that was carefully observed 24th Novembet, 
O. 8. 1639. That predicted by Kepler in 1631 being invisible in Europe. 


Philos, Vol. 27, page 230. 

and Mathematical Dictionary, Charles Hutton, LL.D., 
Vol. page 399. 

John Amos Comenius, Moravian Friar and Schoolmaster, 1592, Author the 
first illustrated Nomenclature the Chief Things that are the World.” 


= 


‘ 
1 
§ 
( 
ti‘ 
| i 
i 
8 
§ 

| 

F F 


the 


WATKINS BEGINNINGS ENGINEERING. 351 


parts two lines cutting one another right anglesin the center. 
the four ends these lines, and the middle the limb, there are 
fixed four strong sights, well riveted square holes, and very perpen- 

dicularly slit over the aforesaid lines, having holes below each slit for 
better discovery distant objects; the circle hollowed render 


This instrument was moved along line connecting two angles the 
polygon (not contiguous) until the other angles came view through 
the sights set right angles this base line. The distances along the 
base line, and from right angles the other angles were carefully 
measured, plotted, and the angles determined from the plot. 

Neither the Romans nor the Greeks appear have had any knowledge 
the loadstone magnet previous the Christian era, although the 
Chinese appear have used the magnetic needle over two thousand 
years before. Vitruvius, who wrote about B.C. 25, describing the 
method laying out city, north and south, states that the 
was used. 

The engineer indebted the navigator for the magnetic compass 
and the astronomer for the theodolite and transit. The accurate 
division the circle into degrees and minutes was, without doubt, first 


*The description continues: “‘ Underneath and at the center of the instrument there ought 
to be screwed on a feril, serving to sustain the cross upon its staff of 4 or 5 feet long, accord- 
ing to the height of the observer’s eye. This staff must be finished with an iron point to go 
into the ground the better. All the exactness of this instrument consists in having its 
sights well slit at right angles, which may be known by looking at an object through two 
sights, and another object through two other sights; then the cross will be exactly turned 
upon its staff, and you must look at the same object through the opposite sights ; if they are 
very exactly in the direction of the slits, it is a sign the instrument is very just, To avoid 
damaging the cross, the staff must first put the when 
well fixed the cross must screwed upon it. These kind crosses sometimes arc made 
with eight sights, in the same manner as the aforesaid one and serve to take angles of 45 
degrees ; as, also, for gardeners to plant rows of trees by.” 


t To find and lay down their situation we proceed as follows: Let a marble slab be fixed 
level the center the space enclosed the walls, let the ground smoothed 
leveled, that the slab may not necessary. the center this plane, for the purpose 
making the shadow correctly, brazen gnomon must erected. The Greeks call this 
gnomon, The shadow cast the gnomon marked about the fifth ante-meridianal hour, 
and the extreme point the same accurately determined, From the central point the 
space whereon the gnomon stands, center, with distance equal the length the 
shadow just observed describe a circle, After the sun has passed the meridian, watch the 
shadow which the gnomon continues to cast till the moment when its extremity again 
touches the circle which has been described. From the two points thus obtained in the cir- 
the circle describe two arcs intersecting each other, and through their inter- 
section and the center of the circle first described draw a line to its extremity; this line will 
indicate the north and south points,—Vitruvius I, 6. 


often 
it, 
each 
(1619- 
are 
ton, 
oole 
height 
ance 
things 
are, 
Ont 
and 
hus 
good 
equal 
Yovember, 


352 WATKINS BEGINNINGS ENGINEERING. 


practiced astronomers* the construction instruments for 
observation the heavenly bodies. 

Different methods for dividing the circles for instruments into 
and their subdivisions hand were successfully practiced 
Brahe, Hevelius, Dr. Hooke, Ole Roemer, John Bird, James Bird, 
Ramsden and Mr. Troughton, without the aid dividing engine, 


Bion describes the compass (see Fig. 25, Plate 27) used 1728, 


lows (page 117): instrument brass, ivory, wood, orothe 
solid matter, from inches diameter, the bottom 
described card whose circumference divided into 360 degrees, 
the center this card fixed well-pointed brass steel pivot, 
use carry the touched placed upon it, equilibrio, that 
may freely turn. One the ends the needle always turns 
the north part the world, but not declining therefrom, 
and the other towards the south. 

Needles are made pieces steel, the length the 
the box, having little brass caps soldered their middle, hollowed 
conical figure that the needle being put upon the pivot, may 
very freely upon it, and not fall off; they are nicely filed into different 
figures, those which are large being like dart, and small ones have rings 
towards one end, for knowing that end which respects the north, may 
seen the little figures nigh the compass.” 


That the Chaldeans understood the uses the plane table there 
doubt. The Chaldean architect previously mentioned, holds 


his lap ‘‘which takes the place precisely the plane tables 
our architects, and must have been made sun-dried clay, like the 
smaller tablets which were used for Chaldean writing. Like the 
the lines the plan are deeply cut. The tablet could afterward 
baked like brick, and the design would thus preserved for 
nite length time.” 

The plane table (see Fig. 26, Plate 27) described 
gether with its uses connection with the circumferenter (see Fig. 
Plate 27), which also describes follows: This instrument consis# 
brass index and circle, all piece; the index commonly made 
about inches long, inches broad, and convenient 


Claudius Ptolemy his written 145 describes astrolabe 
instrument for celestial observations, which consisted heavy circle metal, arranged 
that when it was suspended, the divisions which we now call 0 and 180 would come to resi 
the same horizontal plane. A diametiical bar suspended in the center of the circle and tum 
ing on a pin, was furnished with disks containing slits, through which any heavenly body 
could be seen and its altitude determined in degrees or parts thereof, 

t According to observations made in October, in the year 1715, in the Royal Observaiary, 
the needle declined 2 degrees 5 minutes westwardly. 

t Bion thus describes the manner of magnetizing the needle : ‘‘To touch a needle well, 
having first got good stone, begin your touch near the middle the needle, and pressing 
pretty hard upon the pole of the stone, draw it slowly along to the end of the needle, aad 
lifting your hand good distance from the stone, while you put the needle forward 
begin a second touch in the same manner as after thata third, which is enough, only take care 
not to rub the needle to and fro on the stone, whereby the backward rubs take away thst 
virtue the forward ones gave; but lift out the sphere the stone’s virtue when you 
forward again begin new 

|| See Catalogue Paris Exposition, 1889. § Page 128, 
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The diameter the aforenamed circle about inches. this 
circle made card, whose meridian line answers the middle the 
breadth the index; that card into 360 degrees. There 
brass ring soldered the circumference the circle, which 
crews another ring with flat glass it; that they make kind 
box contain the needle suspended upon the pivot placed the 
center the 


have been unable ascertain where what nation when the 
theodolite was certainly the outgrowth the quadrant 
interesting note that the earlier theodolites were not 
furnished with graduated metallic circles, such work, which was 
necessity done hand before the dividing engine was introduced, was 
very costly. The bearings each survey were marked with pen upon 
circle pasteboard, the names numbers each station being 
written upon the radial lines, upon which the diametrical bar rested when 
the station was sighted. 

The surveyor retained these cards which was his record the sur- 
This method, least, had the merit eliminating one possibility 
error—that mistake reading the instrument. 

The Theodolite 1723 (see Fig. 28, Plate 27) described Bion 
page 

was not customary measure the lengths take the bearings 
the boundary lines that time, according the present practice. 
The instrument was set some central point the tract sur- 
veyed, and the distances the boundary stones were all measured from 
the instrument, the angles being determined lines drawn the 


*Comenius makes no mention of it, 


Construction and Use This instrument made wood, brass any 
other solid matter, commonly circular, and about foot diameter, the center this 
instrument is set upright a little brass cylinder, or pivot about which an index turns, 
furnished with two sights or a telescope, having a right line, called the fiducial lire, exactly 
answering to the center of the aforesaid little cylinder, whose top ought to be cut into a screw 
for receiving a nut, to fasten the index upon which is fixed a small compass for finding the 
meridian line. 

The limb the theodolite circle such thickness contain about six round 
pieces pasteboard within (of which are going speak) such breadth 
the divisions 360 degrees, and sometimes every fifth minute. There are several 
pieces pasteboard the bigness the theodolite, pierced through the middle with 
4 round hole, exactly to fit the pivot; so that the pivot may be put through each of the afore- 
said holes in the pieces of pasteboard, and the upper pasteboard may have the index moving 
upon it, This upper pasteboard may be fixed at pleasure, by means of a little point fastened 
to the limb of the instrument, and entering a little way into the pasteboard, There is com- 


monly drawn with ink, upon each of these pasteboards, a radius or semi-diameter, serving for 
4 station-line, 
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card when the axis the instrument was properly sighted the point 
The manner doing this also described Bion.* 

With the invention the English dividing engine, which was 
fected Jesse Ramsden, and for which Maskeline, the 
Royal England, was authorized pay bounty £615 1776, 
condition that sextants should graduated for six shillings, the cost 
graduating circles and straight scales was reduced such figure 
was practicable furnish all good instruments with graduated 
lic circles. The great theodolite, belonging the Board 
and used for measuring the principal angles the British 
cal Survey, 1785, was graduated machine. 
horizontal circle feet diameter, and two telescopes 
focal length. 

The surveying and engineering instruments used America during 
the last century were obtained generally from England and France, 
the report Holland and Rittenhouse, Commissioners determine 
boundary between New York and Pennsylvania, dated December 
1774, they state that determining the initial point the 43d 
north latitude, they ‘‘made several observations with good 
quadrant,” they also used ‘‘an excellent astronomical sector 
radius, made Mr. Bird (of London), with which made the obser 
vations, when the several stars were The 
purchased for the West Point Academy came, mainly, from 
where Dollard had made great reputation instrument 
Hassler, who brought number instruments with him from 
land, 1805, was sent England 1811 procure instruments 
the Coast Survey. 


With General Barnard’s advent West Point, French 
came again into favor. 


Uses the Theodolite, page 107: the map the country this 
chuse two high places, forexample, the Observatery and the Salt-Petre House, from whent 
the country nigh Paris, a map of which is to be made, may be seen; then mark around the 
center of the upper pasteboard the name of the place chosen for the first station, and having 
fixed means the point the limb the theodolite, put the index upon 
sufficiently screw down means the nut and screw. Now having placed the theodolite 
upon its foot, planted at the Observatory, aud giving it a situation nearly horizontal, so thst 
it may remain steady while the index is moving, observe through the sites the steeple of the 
Salt-Petre House, and along the fiducial line the index from the center draw the 
line. Then turn the index, and observe some remarkable object through the sights, 
steeple of Vaugirard, toward which a line must be drawn upon the pasteboard, from the 


center along the fiducial line the index, and along this line write the name the 
viewed through the sight. 
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September 11th, 1789, Andrew Ellicott, one the most prominent 
surveyors the time, writes the Executive Council New York: 
executing the survey made Lake Erie, shall stand 
need two surveying instruments and small quadrant, the property 
this commonwealth.” reply, the Council That the 
request Mr. Ellicott complied with, and that David Rittenhouse 
directed furnish him said instruments, taking receipt return 
them when required.” 

1794, when was desired survey large tract land, near the 
village Geneva, Y., afterward known the Pulteney Estate, Sur- 
veyor-General Witt reported that there were only two the 
country, one owned Andrew Ellicott, the other Dr. Rittenhouse, 


neither them available.”* The surveys the District Columbia, 


under the direction Andrew Ellicott, were made with great care. 
Describing the methods adopted, letter Robert Patterson, April 
2d, 1795, Ellicott says: ‘‘These lines were traced with transit and 
equal altitude instrument, which constructed and executed 1789. 
This instrument used running the principal avenues} the City 
Washington.” 

compass belonging General Washington and now 
preserved the collection the National Museum, bears the name 
David Rittenhouse, who had establishment Philadelphia 1767. 

William Young began the construction engineering instruments 
Philadelphia early 1820 and carried the business for fifty 
years that city. transit instrument invented him 1831 was 
regarded great improvement over the English theodolite, which was 
not favor among the early American engineers, account its being 
slow and inconvenient. find recorded that this instrument was used 
setting the first peg that was driven for the extension the Balti- 
more and Ohio Railroad, west Ferry.” 

Messrs. Gurley, Troy, Y., have furnished with 


*Report of Regent’s Boundary Com., Mayor H. W. Clark, Albany, 1886. 


+ In another report Ellicott states: “These lines were measured with a chain, which was 
examined and corrected daily, and plumbed wherever the ground was uneven and traced 
with a transit and equal altitude instrument, which I constructed and used in running the 
western boundary of the State of New York” “This instrument was similar to that 
described by M. Le Monnier in his preface to Histoire Celeste, except in being accommodated 
portable triangular frame, The transit and equal instrument all others 
the most perfect and the best calculated for running straight lines, and when the different 


Verifications are carefully attended to, may considered absolutely perfect.” 
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the following information regard American instruments, unde 
date May 23d, 1890: 


believe the first maker surveyor’s instruments Amerig 
was David Rittenhouse Pennsylvania, who invented movable 
with vernier, which the ordinary surveying compass (or 
ferenter the English still term it), the declination the needle 
set off upon the compass once, and all error arising from 
secular variation the needle avoided. This style compass 
for many years known the Rittenhouse compass.” 

1831, William Young Philadelphia, devised 
like the English theodolite, except that the telescope was made like that 
the astronomical transit, make complete revolution and this 
enable engineer run lines diametrically opposite 
without reference the divided limb. This was the origin the 
American transit which has been improved until the favorite all 
engineers entirely superseding the employment the English 
lite. 1836, William Burt Michigan, made most 
astronomical and surveying instrument termed the solar compass (page 
100 Manual), and this has been largely used our own countrys 
well abroad. commenced make instruments about 
years ago, have made many improvements, some which have bem 
patented and are described our Manual.” 


The introduction aluminum has made possible create 
reduction the weight all engineering instruments, thus 
the comfort and convenience the engineer. 

The testing machine* has been the greatest assistance the 
tific investigation the modern engineer. One the first 
for making physical tests was designed and built the late 
Wade for the United States Government, 1855 and 1856, and 
used making experiments the cast-iron intended for the 
service. little later this machine was remodeled and improved 
Captain Rodman. few years later George Plympton, Am, 
E., made numerous experiments some full sized rods designéd 
used bridges, with testing machine unusual dimension 
which was designed and constructed Murphy Philadelphia 


ENGINEERING. 


The practice mechanical engineering began with the use the 
lever, the inclined plane, the roller, and then the pulley. The 
historic hunters returning from chase with the game suspended 
upon pole, nearer the stronger man, were led instinct 
principles that govern the use the lever. With the introduction 


For discussion upon Machines, their History and Use,” Arthur 
see Van Nostrand’s Magazine, March, 1884, 
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the rolling log, the sledge with rollers under it, and finally the wheel— 
man’s sphere usefulness was greatly enlarged. the cumbersome 
sledge and the crude cart animal power was utilized and the patient ox, 
buffalo, was called work, often harnessed side side with the 
human draft animal. Man continued his conquest over the animal 
kingdom and the fleet-footed horse was tamed first bear his human 
burden and then aid his captor warfare. The sledge and cart were 
not adapted his rapid pace and the Hittite Babylonian wheel- 
wright was called upon combine bronze iron and wood the 
wheels for the war chariot for his monarch. After learning make 
hub and felloe and how secure the spokes both, the ancient 
mechanic, who had already applied animal power tread-mills, 
capstans for driving boats, and other uses, began take the steps that 


achines 
Major 


Fie, 30, 

were ameliorate the condition the human and animal race, steps 
that were break the fetters from the galley slave and remove the 
galling yoke from the neck man’s patient friends the animal king- 
dom. Then began the battle with the elements them man’s 
slaves. The water that had been his barrier war, and supply 
which was necessary for his existence, was put bonds ditch and 
dam and driven through wheels until portion the stream, least, 
made rise above its source. The winds that had blown down his 
tents and damaged his was made drive the wheel grind his 
corn, 

Comenius, 1658, thus illustrates* (See Fig. 29) the 
used for lifting and moving weights the early part the 17th century, 
and thus describes them: One can carry much thrusting wheel- 


the 
‘he pre 
spended 
pply the 


under 
nerica 
can 
the 
that 
thus 
actions 
the 
all 
heodo- 
(page 
rty-five 


358 WATKINS BEGINNINGS ENGINEERING. 


barrow (3) before him (having harness (4) his neck), 
can carry cole-staff (1) hand barrow But can 
that rolleth weight laid upon rollers (6) with leaver (5). 
beam (7) post, which turned going about it. crane (8) 
hollow-wheel, which one walking draweth weights out 
letteth them down rammer (9) used fasten piles 
lifted with rope drawn pullies (11) with bands, hay 
handles (12).” 

The horse-mill, water-mill and wind-mill (See Fig. 30) that era, 
also graphically depicted thus:* mill (1) astone (2) runneth 
stone (3). wheel (4) turning them grindeth corn 
(5) and parteth the bran (6) falling into the trough (7) from 

meal flipping through 
hand-mill (9), then 
(10), then water-mill (11), and 
ship-mill (12), and lasts 
windmill 
lathe (See Fig. 31), thus 
scribe: The turner sitting ove 
the treddle, turneth with throw 
upon turner’s bench, 
tops, puppets and such like turner’s work.” 


Man has been described fire-making animal. The 
delving among the remains the neolithic and paleolithic epochs hails 
every object indicating the presence non-volcanic and 
certain evidence man’s existence upon the earth that 
Wind and water, former enemies, having been subdued, continued 
his conquest over fire, and the principles thermodynamies, 
vacuum, and expansive properties the air became understood 
Galileo, Torricelli, Guericke, Huyghens, Papin, Savery, Newcomen and 
Smeaton, the fire-engine was invented and put work drain 
mines. 

Who can tell when where the steam rising from the earthern 
helping man bend the wood for his wheels, what not, 
pressed him with its power. There were the fire and the water and the 
wheel; who was devise the machine which the steam 
made turn the wheel? The history the progress from the 
tian the triple expansion steam-engine, together with the 
philosophy its invention has been amply recorded distinguished 
this Society, that there necessity, even there 
time, allude Newcomen, Hornblower, Watt, Trevithick and Oliver 
Evans, and the other pioneers who during the last century struggled 
with the elementary problems steam engineering. the 


* See LI, page 65. See LXXIV, page 91. 
Dr. Charles History the Steam Engine, etc., 
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two Museum have portion the original cylinder the first stationary 
engine put work the Western Continent 1753, 
hath Belleville, near Newark, 
Here was established the first machine shop America, and here, 
have about 1798, the pumping engine for the Fairmount Water Works, 
Philadelphia, was built. Some idea the crude appliances that era 
can gathered from the fact that took between two and three months 
bore the cylinder that engine. would be, indeed, interesting 
trace the history the invention the lathe, the drill, the planing 
machine,* and other tools which have made the present perfection 
1800, the Manhattan Company imported engine from England 
New York with water from the Collect Pond, near the present 
location the Tombs prison. The company was incorporated the 
Legislature New York, and the act was drawn 
Burr. The Englishmen and Scotchmen who helped build the 
engine remained America, and also built machine shops. McQueen, 
street, about 1806. helped make the engine for the steamboat 
The steamboat (1807), was built Corlears 
Hook, near the foot Houston street, New York City. Fulton estab- 
the lished shop Jersey City, near the present location the 
Railroad Depot, about 1809, and imported number English 
rain were established about 1809-10, Oliver Evans’s being among the first. 
1822, West Point foundry shops were established the foot Beach 
street, New York, and here much steamboat work was done. 
first im- The history the locomotive has been authentically placed upon 
record another distinguished member this society, whose catechism 
the locomotive will the text-book for those interested that study 
with Murdoch, who was condemned Watt for his experiments with high 
nguished pressure steam, Trevithick, who constructed the first locomotive help 
here man, Hackworth, Ericsson, George and Robert Stephenson, Jarvis and 
Oliver informed Mr. Sickles that the first planing machine ‘America was im- 
struggled 1830, for machine shop located the Allaire Works the head Cherry street, 
Nation York City, 
ae t Atthe end it briefly mentioned that their “ surplus capital could be used for other pur- 


and upon the faith that the Manhattan Company established the Manhattan 
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Dripps, who applied the principles the bogie truck the 
the Robert Stevens, John Stevens, who 
the first carriage with boiler, Allen, Baldwin, 
whose mind evolved and improved the locomotive 
the beginning, and Norris, whose locomotive was the first 
climb heavy grade, recall what each these pioneers 
plished when measure the progress locomotive invention. 
seem possible that the man who handled the throttle the first 
motive put railroad the Western Hemisphere could havé bea 
alive less than year ago 

looking into the careers those early mechanical engineers, who 
have obtained fame and fortune, must not consider that 
ceeded intuition inspiration, nor can hope find that 
made mistakes. Watt censured his foreman, Murdoch, for 
menting with high pressure steam, which believed could 
made useful some miraculous dispensation. George 
the best mechanic his time, spent many weary days and 
machine; yet whose names are dearer the hearts those who 
ciate what the steam-engine and locomotive have accomplished 
humanity, than James Watt Robert Stephenson? Ericsson 
last days planning imperfect solar engine; and some 
distinguished physicists have devoted years unsuccessful 
navigate the air. None have yet achieved success, but who 
what moment the data which they have collected shall found 
the utmost practical importance? 


ENGINEERING. 


Upon the result careful and systematic investigations into 
strength various materials and their properties, has been 
the science bridge engineering. Galileo (about 1600 
pounded theory the strength materials. (about 
originated the idea the force extension fiber being 
its distance from the lower side bent beam. early 
Hooke enunciated his celebrated law the limits 
the strain produced any one kind proportional the 
stress producing it.” advanced theories regard the 
strength materials during the last century. 1817, 
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Barlow published elaborate Essay the Strength and Stress 
Timber,” which was discussed Dr. Dalton and others.* 

Professor Eaton Hodgkinson, whom the profession indebted for 
aseries elaborate experiments extending over many years, showed 
“both theoretically and experimentally the true method determining 
the section fracture the exact position the neutral line, and 
the strength the Daniel Bernoulli the en- 
gineering profession indebted for founding the system hydro- 
dynamics and hydraulics. 

The causes the failure the chain bridge Broughton, Man- 
chester, which gave way 1827, because the vibration caused 
troop soldiers who marched across it, keeping step drum and 
fife, discussed Leslie’s ‘‘Geometry Curved Lines,” which 
stated that the properties the catenary curve were first discovered 
Bernoulli. 1828, presented papers the Chain Bridge 
Broughton,” and the Forms the Catenary Suspension 
Bridges.” The paper upon the and Experimental 
Researches Ascertain the Strength and Best Forms Iron Beams,” 
which appeared 1830, formed the basis for the designing the cele- 
brated Hodgkinson’s Beams,” being the strongest beams that can 
cast-iron, the quantity material, length and depth beam 
being considered. the Third Report the British Association for 
the Advancement Science,” 1833, are two reports which con- 
the Effect Impact Beams,” and the Direct 
Tensile Strength Cast-Iron.” 

Thomas Tredgold (1827), made many experiments the strength 
cast-iron and other materials, which were published and used the basis 
the beginning the railway erain England. Hodg- 
kinson and Tredgold were followed other distinguished investigators, 
among whom were Canon Dr. Whewell,|| Dr. Robinson, Col- 
onel Sir Henry James, Capt. Galton, Professor Willis, Dr. Stokes, and 
Mr. Stokes, and others England and America. 

* Barlow, in 1832, prepared an exhaustive report ‘On the present state of knowledge 
respecting the Strength which published the Volume Reports British 
Ass, Ady. of Science, 


Memoir Eaton Hodgkinson, Robert Rawson, Report the Smithsonian 
Institution, 1868 ; also in a paper presented to the Literary and Philosophical Society of 
Manchester, Eogland, in 1822, ‘On the Transverse Strain and Strength of Materials.” 

See D’'Aubisson’s “ Hydraulics.” 

See Engineering and 
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Woop bridge,” said Michael Angelo, 
the same care and the same Timber bridges consisting 


hewed logs, supported piers piling stone, were erected 
the earliest times all countries where timber was plenty. 
bridge (see Figs. and was this 

Remains wooden stringer bridge built the Greeks, during 
the Peloponnesian War, are found the Island 


Fie, 32a, 


the three hundred and fifty-nine ancient bridges Venice not one was permitted 
fall into decay. 


thus described: devised this plan bridge. joined together 
distance feet two piles, each foot thick, sharpened little the lower end, 
portioned length the depth the river. After had means engines 
these into the river, and fixed them at the bottom, and then driven them with ramme, 
not quite perpendicularly, like a stake, but bending forward and sloping so as to inclineia 
the direction the current the river, also placed two other piles opposite 
the distance feet lower down, fastened together the same manner, but directed 
against the force and current of the river. 

Both these, moreover, were kept firmly apart beams two feet thick (the 
the binding the piles occupies), laid their extremities, between two braces 
side; and consequence being different directions and fastened sides the 
one opposite the other, so great was the strength of the work, and such the arrangement 
of the materials, that in proportion as the greater body of water dashed against the bridge, 
so much the closer were its parts held fast together. These beams were bound together 
timber laid over them the direction the length the bridge, and were covered 
with laths and hurdles; and in addition to this, piles were driven into the river obliquely 
at the lower side of the bridge, and these serving as buttresses, and being connected with 
every portion of the work, sustained the greater force of the strain, and there were others 
also above the bridge moderate distance; and trunks trees vessels were floated 
down the river barbarians for the purpose destroying the work, the violence such 
things might diminished these defenses and might not injure the bridge. Within 
days after the timber began collected the whole work was completed and the whole 
army led over.” Bello Gallico, Book IV, Chapter XVII. 
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Euboea. When permanent structures were needed stone stringers were 
sometimes used. example this kind construction found 


Fie. 


the remains very ancient stone bridge, near Assos Greece (see 
Fig. 33), which was explored 1881, and thus described Mr. 


Thatcher Clarke.* piers are plan elongated diamond-shape 


and extend upon either side slightly beyond the bridgeway length 
3.6 meters. The masonry these supports consists large blocks 
carefully jointed and particularly remarkable for the system com- 
bining the stones which the action the current resisted. 

cut twice upon each course make impossible displace 
any stone lateral pressure without entirely overthrowing the heavy 
pier which present minimum width the stream.” 


Connecting these seventeen piers, whose centers were about feet 
apart, four stone lintels, each about feet long, inches wide and 
inches thick, were laid bonded together with swallow-tailed dowels 
wood, the manner universal the Hellenic architecture the 
4th century, 

other ruins Greek stone bridges there evidence show 


that the true arch was used. Corbeled stonework, each course extend- 


*Papers the Institute America—Classical Series page 129. 
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ing few inches further toward the center the stream than the One 
immediately under it, similar the Chaldean brick-work, 
described, seems have been the method generally employed, 
mains indicating this are found Pylos; and portion anothe 
stone bridge, with three approaches, found Messenia, built 
same manner. 


the origin the arch can traced back the 


‘ 


Fre, 33, 


the Assyrians, the Romans may said have been the first nation who 
used constantly and consistently, they understood the theory and 
practice almost well the engineers to-day. excellent example 
(see Fig. 34*), built before the Christian era. The Romans were also 
ous for the mortar which they This was made partly 
lana, volcanic earth, which was abundant Italy. the 
viaduct seven arches miles from Rome, the way Gabii, 


* Figs, 34, 35, 36 and 37 are redrawn from “‘ Ruines de Rome,” published by J. Hearne, 
London, early this century. 
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the century, C., and the Mirabile” (see 
Pozzuoli, near Naples, the same principles masonry are 
ployed our day. 


AW 
x > S 


Fia, 35, 


Upon the column Trajan representation the oldest bridge 
now standing the Tiber, the Ponte de’ Quattro Capi (see Fig. 36), 


Fie, 36, 


62, C.,* which connects the City Rome with island the 
and consists two graceful arches. The central pier supported 
foundation with sharp edge against the stream—and the two 
grace the whole structure that excelled even our so-called 
age. high aqueduct bridge (see Fig. 37), was constructed with 


Called originally Pons Fabricius after the Consul under whose directions was 
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adouble tier arches. The Romans built many arch bridges the 
countries which they conquered; and the bridge 
England doubtless patterned after the remains the Roman 


The first road bridge England, which there reliable record 


refer that Stratford, over the River Lea, few miles east 
London), was rebuilt 1118 Matilda, Queen Consort Henry 
Speaking the bridge, Stowe says: bridge Stratford-le-Bow 
was arched like bow—a rare piece work, for before that the like 
had never been seen England.” This old bridge was kept poor 


repair begging aid from the passers-by; and finally during the 
reign Queen Elizabeth, collections for that purpose were taken 
the churches, the repairs were work great necessity for 
the passage victuals unto the inhabitants.” The moneys collected 
from the churches not being sufficient for maintaining the bridges, 
are told that 1489 the Archbishop Canterbury the ex- 
pedient publishing remission from purgatory for thirty days 
such persons should give donations toward the repairs arched 
stone bridge over the Medway. The early English bridges with their 


37. 
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chapels dedicated various saints,* strongly resembled the 
architectural character. 


Smiles states that the point which the piers rose above the 
level the stream, ribs stone usually spanned the openings from 
pier the other, precisely similar the Gothic arching 
and vaults chapter-houses; and most probable that the 
and cathedrals were built the same class workmen.” 


was the construction the Westminster Bridge, 1738, that 
Labelye first used caissons building the foundation the 
had number water-tight chests made shore and 
fit close alongside each other. floated these rafts over the 
destined for the piers, where they were permanently sunk, the top 
each caisson being above high-water mark. The masonry was 
within them and was carried above the level the stream, after 
which the timber sides were removed and the pier was left resting 
the bottom. Submerged foundations were then protected 
piling. 

The Penepe, suspension bridge—the cables which are made 
plant fiber, inches diameter and having span 131 feet, 
Humboldt. was built many years ago across the River 
Quito, South America. Over the river Tchin-tchin, China, 
sion bridge, the floor which supported five chains with vertical 
suspending rods, ancient that superhuman origin assigned 
the natives. India, noted for its early use iron, suspension 
chain bridges were erected very early date, the links the 
being composed coils drawn wire. 

Mr. Theodore Cooper, his very valuable paper America 
Railway Bridges,” has covered the subject thoroughly that only 
necessary for call attention his record American bridges built 
the last century.+ 


* The old London bridge began in 1176 and completed thirty-three years afterwards, - 
dedicated St. Thomas; the Bow Bridge St. Catharine, and the one over the Weir St. 
Nicholas. 

t “« The earliest bridges, where single timbers were not sufficient to stretch from bank to 
bank, were short spans supported on piles, or, where these could not be used, on timber cribs 
filled with stone. Where the conditions would not allow structures this character, arch 
spans were usually adopted.” ‘In 1660, ‘The Great Bridge,’ as it was then called, was sg 
across Charles River, between Old Brighton. wasa 
Samuel Sewell planned and built a bridge over York River, Maine, 270 feet long, supported a 
thirteen piers. Rebuilt in 1793.’ ‘In 1786, Mr. Sewell built a bridge over the Charles Rivet: 
at Boston, 1 603 feet long, supported on seventy-five piers. A year or so later bridges on the 
same plan were built Malden and Beverly, 1792 Colonel John Riddle built the 
Amoskeag Bridge, at Manchester, N. H. It was 556 feet long, and supported on five piers apd two 
abutments, was commenced the August, which time the timber was growing, 
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The timber bridge 340 feet span, built across the Schuylkill River, 
near Philadelphia, during the early part the century, will probably 
Bridge Architecture,” Thomas Pope, published New York, 
1811, whick the the flying lever bridge are 
fully proved,” are described the principles the cantilever bridge 
timber, which had centuries before been used China and Japan, its 
primitive form. 

The development the modern iron bridge has followed very closely 
the lines other structures. Bridges cast-iron came first, bridges 
wrought-iron and steel followed order. 1777, Abraham 
Darby built the first cast-iron bridge record. This bridge crosses 
the Severn River Colebrook-dale, England, and all the metal 
was cast foundry the neighborhood. The arch was very nearly 
semi-circle, the chord being about 100 feet. second iron bridge was 
cast Walker Co., Yorkshire, 1795. was intended have 
been sent America, but the speculator failing his payments, the 
materials were used for the beautiful bridge over the Wear.* The span 
this arch 240 feet and elevated 100 feet above the water. Telford’s 
iron bridge Buildewas, Shropshire, was finished during the latter 
part the last century. The Southwark Bridge over the Thames, built 
Rennie 1818, was for many years the finest iron bridge the world. 
“The Evolution the Modern Railway Bridge” fully discussed 
Charles Davis Jameson, Vol. XXXVI, page 478, Science 
Monthly, February, 1890. 


Modern Tunnels.—A tunnel miles long, for canal for the Thames, 
from Gravesend Frindsbury, opposite Chatham, England, was com- 


and the rocks dispersed the completed September Between 1785-92, 
Colonel Enoch Hale built over the Connecticut River, at Bellows Falls, a bridge 368 feet long, 
in two spans, taking advantage of a rock in the middle of the river for his center pier. The 
West Boston Bridge over the Charles River, 3583 feet long, and supported one hundred and 
eighty pile bents, was finished “In 1795 bridge was built over the Mohawk 
River, 960 feet long. In 1792, Timothy Palmer built the Essex-Merrimac Bridge over the 
Merrimac River, at Deer Island. In 1794, the bridge at Haverhill, was built by Timothy 
1796 built bridge over the Potomac River, Georgetown. 1796, Rufus 
Graves built a bridge over the Connecticut River, at Hanover, N.H. In 1795 a bridge was 
erected Holt’s Rock, between Newbury and was 1000 feet length and 
consisted of four arches and one draw-span. It was carried away by the ice in 1818. In 
bridge was built between Harlem and Morrisania, over the Harlem River. 


*Roads and Railroads—Author anon, Parker, London, 1839, 
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pleted Thames Tunnel (1826-40), which Brunel was 
neer, after many delays 
and mishaps, was 
pleted 1840, 
years after was 
menced. The first 
road tunnel the United 
States was that built for 
the Alleghany Portage 
Railroad 1831, unde 
the direction Solomon 
Roberts and Sylvester 
was 901 fest 
long and feet wide, 
being built for 
track. was carefully 


lined the 
entrances being grate- 
fully arched (see Fig, 
38). 


ble, ot. 


Tue CANAL AND Era. 


The early years the century were destined witness the beginning 
era engineering activity, the results which revolutionized the 
traffic the world. year (1804) which the first screw 
peller was driven steam the Western Continent, 
finished his first experimental locomotive driven 
steam; and the same year (1807) that witnessed Fulton’s success with 
the paddle-wheel steamboats, found what proved the first 
tive help man, Trevithick’s work-shop, almost complete. 

conflict opinion regard the comparative merits the 
canal and horse-tramway existed before the final location the Erie 
Canal. The discussion led the publication 1812 what was 
haps the most important contribution the literature relating early 
railway history. tothe pamphlet entitled: Documents Tending 
Prove the Superior Advantages Railways and Steam Carriages 
Canal Navigation,” published John Stevens, Hoboken, 
* Printed by T. & J. Swords, New York, 1812; reprinted by the Railroad Gazette, 188, 
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President Charles King, Columbia College, Y., introductory 
note the edition printed 1852, pays this deserved tribute the 
author: Whosoever shall attentively read this pamphlet will perceive 
that the political, financial, commercial and military aspects this 
great (railroad) question were all present Colonel mind,” and 
this thirteen years before locomotive was put successfully work 
arailroad. Notwithstanding the protests and elaborate arguments 
Colonel Stevens, the New York authorities decided favor the 

When Governor Clinton passed through the Erie Canal, soon after 
was opened 1825, one corner his special boat stood cask 
water from Lake Erie, and the other corner cask water from the 
Hudson River. The completion the canal was hailed with such 
enthusiasm that Governor Clinton was compelled limp from the boat 
the public halls, where speeches were made and him, the whole 
country being aroused. 

After Stephenson’s success with the locomotive the Stockton and 
Darlington Railway, 1825, many meetings were held discuss the 
railroad question. Pennsylvania, the Society Internal Improve- 
ment, the same year, collected fund and sent William Strickland, 
architect ability, England investigate and report upon engi- 
neering methods there. The following abstract from his instructions 
indicate the crude ideas that existed regard the usefulness the 
civil engineer: 


desire that you furnish such minute and particular descrip- 
tions, plans, drawings, sections, estimates and directions, as, possessed 
them, that these works may executed Pennsylvania without the 
superintendence civil engineer superior skill and science.”’ 


veteran Member this Society, who recently passed away from 
the scene action which played such important part, placed 
record his reminiscences the first five years the railroad era, 
the Railroad 1884. 

The first English railway act was passed Parliament 1794; that 
for tramroads 1800. 1804 the general charter was obtained the 


Curiously enough, Fulton’s first efforts steamboat invention were the direction 
tow boat for the canal; and the first screw propeller boat sent America was imported for 
this service by Commodore Stockton for the Delaware and Raritan Canal, The earlier rail- 
ways were built connect the termini inland navigation where was impracticable 
construct canals. 


Horatio Allen died December 1889. 
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Surrey road, which was operated horses. was opened 
horse railroad from Leeds Liverpool was opened 1811, and the 
first steam railroad, the Stockton and Darlington, was projected 
and completed 1825. 

The first railroad Austria for passengers and freight traffic, 
laid between Budweis and Lintz. was projected 1819, 
vention held Dresden, railway operated horses and 
tionary engines and cables. The surveys were begun 1822, and 
charter was issued 1824, and miles were completed 1828, 

The first railway any considerable extent France, from 
Etienne Andrezieux, was begun 1825 and finished 
formed continuation the road from St. Etienne Lyons, 
miles, and was opened throughout the early part 
ing been finished five years from the commencement the work. 

King Leopold Belgium proclaimed law, 
which system railroads was instituted throughout the whole 
kingdom Belgium.* Theux and his successor, Nothomb, wer 
deputized construct the system railroads, the expense the 
State. Antwerp and Ostend the railroads were lead 
ports, two points connecting with France and one point with 
sia (Germany). The first road was opened 1835. 

1836 the first charter for railroad Russia was granted the 
and the first road constructed, which was from St. Petersburg 
Zarshaloe, was opened 1837, and the second from St. 
Peterhof 1838. 

The first railroad Holland was commenced 1836, 
Amsterdam with Harlem. And the second was laid from 
Arnheim. King William guaranteed dividend per 
annum the stockholders from his own private property. 

The first railway the United States which there 
record was laid Delaware County, Pa., 1810, from Leiper’s 
quarry the Delaware River. This well the granite railroad 
Quincy, Mass. (laid 1826), and the coal roads Mauch Chunk, 
(laid 1827), were originally intended operated 
the steam railroads the Baltimore and Ohio was one the 
the corner-stone having been laid July 4th, 1828. Mohawkand 


*See Journal Franklin September, 
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and the South Carolina were put under contract 1829, the Cam- 
den and Amboy 1830, the Philadelphia and Germantown, and Philadel- 
Columbia 1831. Thus the decade from 1825 
new branch was added the profession the civil engineer, and men 
whose experience had been gained other departments were called into 
the new and untried field railway construction.* 


The English Railway Official Gazette for May, 1886, states that rail- 
ways were introduced various countries the following dates 


September 27th, 1825 
United States..... December 28th, 1829 
Island Cuba...... the year 1837 

October 24th, 1848 
East Indies....... April 18th, 1853 
the year 1854 
September 14th, 1854 
New South September 25th, 1855 
Middle Australia......... 21st, 1856 


The beginnings electrical science, except the knowledge 
the magnet and frictional electricity, and Franklin’s experiments 


*Ashbel Welch, his presidential address, 1882, has placed upon record the following 
facts concerning the early American railway American engineers and managers 
have often shown that poverty the mother invention, For example, they used cross- 
ties temporary substitute, because too poor buy stone blocks, and made good roads, 
because they were not rich enough to make bad ones. American engineers are, or at any 
tate were, trained on short allowance of money, As that is the best engineering which 
accomplishes the purpose at the least cost in the long run, American engineering ought to 


the They were not scientific men, but knew intuition what other men knew 


805, 
the 
1820 
Con- 
tance 
ing 
whole 
the 
the 
dam 
stone 
nk, 


374 WATKINS BEGINNINGS 


with the kite and Leyden jar, are within the memory many now 
ing. the patient investigations the properties the 
needle* Oerstead and Arago for the inception 
discovery the principles electro-magnetism which have been 
into practical use during the last fifty sixty years. 

The earliest proposition use the needle otherwise than 
pass, that have found, recorded the dialogues 
1630) which Sagredus, one his myths, made anticipate 
invention the needle telegraph this remarkable manner: 


remind one who offered sell mea secret art, which, 
through the attraction certain magnet needle, would possible 
converse across space 000 000 miles. said him that] 
would willingly become the purchaser, provided only that might 
made trial the art, and that would sufficient for the 
were place myself one corner the sofa, and the 
replied that short distance the action would scarcely 
cernible; dismissed the and said that was not 
for just then travel into Egypt Muscovy for the purpose 
ing the experiment, but that there himself would 
main Venice and attend the rest.” 


But two long centuries were doomed elapse before the 
Galileo was realized Wheatstone. 

Notwithstanding the triumphs the European scientists the 
investigation, America was destined number among her 
Henry, Morse, the triumviratet whom owe the 
tion that system magnetic telegraphy now almost universally 

The triumphs Davy, Nollet, Malderon, Siemens, and Gramme, the 
pioneers the field electrical lighting, which were achieved 
middle the century, have been eclipsed another American whow 
marvelous discoveries will cause his name remembered 
darkness shall disappear before the rays the electric lamp. 

The Jacobi electric motor experimented with 1834, was 
others invented Davenport, 1837; Stimpson, 1838; Cook, 
Froment, 1845; Moncel, 1851; Hall, 1851; Page, and 
others, until Fontaine and Gramme worked electric pump 


*According to Klaproth (Lettre a M. le Baron Humboldt sur l’invention de la Boumdla 
Paris, 1834), the Chinese sailors used the mariner's compass B, C. 2634, over 4,500 years ag& 

t Galilei Systema Cosmeum Dialogus I. Leyden Edition, 1700. 

The ability communicate signals sound over long distances was demonstrated 
Henry in 1828, Vail’s claims to the invention of the alphabet and the construction of the first 
instruments appear well Morse’s labors putting these discoveries 
inventions into practical use for the public service likewise gave him fame and 

| Page’s motor, based upon the principle of attraction of solenoids, was brought into pub 
lic notice 1850, lecture delivered before the Smithsonian Institution 
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neter distant from the engine, the Vienna Exposition, 1873. The first 
application the principle the reversibility electric ma- 
chines and the same time the first real example theelectric trans- 
port The experiments Siemens and Halske the Berlin 
Exposition 1879, demonstrated the fact that the electric motor could 
practically applied tramroads, and the first electric railway con- 
structed for traffic between Lichterfelde and the Cadet’s College, near 
Berlin, 1.59 miles long, was formally opened May 12th, 1881; the elec- 
tricity being conveyed insulated wire. 

Later the year 1881, the Electric Railway Paris, from Palais 
Place Concorde, also constructed Siemens and 
Halske, was put operation, the current being conveyed over- 
head wire. 1882, the first electric locomotive driven storage 
battery, was placed service the Bleaching Establishment belonging 
Duchesne-Fournet, Breuil-en-Auge, near Lisieux, France, upon 
small railway laid down the meadows, collect linen. The boat 
“Electricity,” feet long, was driven against the current the 
Thames, with speed miles per hour, September 8th, 1882, the 
being operated the accumulators the Co. 


ENGINEERING 


1771, John Smeaton, S., projected and established associa- 
tion society engineers London, and during interval twenty 
years, the number members increased sixty-five, whom fifteen 
were practicing engineers. Among them find the names Boulton, 
Edwards, Golborne, Grundy, Jessop, Mylne, Nickalls, Joseph Priestly, 
Rennie, Watson, Watt, Whitworth and Whitehurst. The residue was 
composed amateurs, ingenious mechanics and architects. May, 
this society was dissolved consequence dissension, and re- 
organization under better form, though intended, was not accomplished 
until after the death Mr. Smeaton, which occurred October, 1792. 
The first meeting the new Society Civil Engineers” was held 
April 15th, 1793, essop, Mylne, Rennie and Whitworth being the 
the new constitution the society was divided into three 
tlasses: Class members consisted practicing engineers. 
members, men science and gentlemen rank 


Motive Power. Moncel, Geraldy and Wharton. London, 
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and fortune who were interested the subject civil 
Class members were persons not civil 
whose professions and employments had brought them into close 
nection with civil engineering. The meetings were held the 
and the Strand, every alternate Friday during the 
Parliament. 

This was the origin what has since become the (English) 
tion Civil Engineers, established 1818, and incorporated 
And upon the roster this society the names many the 
tinguished engineers the world have appeared. 

America many civil engineers connected themselves with the 
lin Institute after its establishment 1824, and for years the 
that institution was the repository the current engineering 
foreign and American. 1836, number the engineers 
with the Charleston and Cincinnati Railroad attempted establish the 
National Society Civil Engineers. Among those who took active pat 
the movement were Messrs. and Whistler, graduates Wat 
Point, who became prominent railroad engineers. Their action 
meet with the encouragement expected, and the society was 
1839, another and similar attempt was made Baltimore 
engineers the Baltimore and Ohio Railroad, and the other 
the neighborhood, but beyond holding few meetings nothing 
complished. 1841, American Institute Engineers” 
formed Albany, Y., but also survived very short time. 
the Boston Society Civil Engineers was chartered. 

The first meeting what afterward became the American 
Civil Engineers, was held the Croton Aqueduct office, New 
November, 1852. 

From article which appeared the Engineering News, March 
1890, and which Colonel Julius Adams advises 
have extracted the following very interesting account the 
stances through which this Society was founded: 


the autumn 1852, among the many engineers then 
York, was James Laurie, Scotchman, who came this 
1831-32, who earnestly advocated the necessity, and probable feasibility, 
the success such society, notwithstanding the failure which 
attended previous attempts that end. The meetings those with 
whom communicated, were the rotunda the Park 
Aqueduct office, and resulted the preparation paper 
the Herald, addressed the civil engineers the country, urging 
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them the importance forming such society, and proposing the as- 
semblage delegates favorable thereto, day named, some six 


weeks advance. The paper was official call, signed the 


secretary, and was supposed that the place assigned for the meeting, 
being the office Craven, Chief Engineer the Croton Aque- 
duct, New York, was sufficient evidence that the undertaking was re- 
spectable hands. 

“The day arrived, November 5th, 1852, and withit from the entire 
country came less than twelve engineers, whose names are recorded 
the society annals, the following order: Julius Adams, James 
Laurie, Thomas Emmet, Ayres, Edward Gardner, Tal- 
cott, Gorsuch, William Morrell, William Siddell, Post, 
Craven, George Greene. 

was hoped that there would have been some individuals, who, 
unable attend, would least offer the right hand fellowship far 
give written assurance that they were with heart, but there 
were none such, and gravely proceeded organize the society 
and adopting constitution and by-laws. Mr. Laurie 
was elected President, and Mr. Gorsuch, assistant the Croton Aque- 
office, was elected Secretary and Custodian the Records. Mr. 
presented the draft constitution which had prepared, and 
which, after discussion, was adopted section section, and which was 
substantially the organic law the society for many years.” 


Upon the roll members for 1852, 1853 and 1854, find among others 
the following names: 1852—John Roebling, Isaac Chesbrough, 
Robert Brown, James Kirkwood, Stephen Chester, Simeon Post, 
Abram Hewitt. 1853—William M’Alpine, Talcott, 
James Morse, Alexander Dallas Bache, Joseph Swift, John James 
Abert, Joseph Totten, Dennis Mahan, Stephen Long, Henry 
Burden, Moncure Robinson. 1854—Zerah Colburn, Horatio Allen. 

The discouragement which the first members the Society met with 
its early days, described the annual presidential address delivered 
June, 1870, the President the Society, Mr. Craven.* 


*See Transactions Am. Soc, E., June, 1870. Society, you all know, was first 
formally organized in the year 1852. At that time there was scarcely enough members 
within immediate vicinity New York supply incumbents for the offices alone, Still 
met, and strove our best nurse the infant whose health and growth all had 
deep interest. our early records show, the number seven, five, some- 
times three evening, and every man present was could not afford 
hire and our ‘corporal’s guard,’ rather our guard corporals, met night 
in one of the vacant rooms of the Croton Aqueduct Department in this city, There we may 
be said to have worked hard ; for even if we did nothing else, to courageously and persist- 
attend such meetings was work hard, The struggle lasted three years, until last, 
in March, 1855, we were obliged to succumb, Our failure seemed to be so complete, that 
with some there was hope recuperation, and had there been any means 
teturning to absent members their respective portions of the money remaining in 
majority the active members would have counseled such return, Some 
however, still retained their courage, and urged the careful investment our funds and 
the safe storage our books and papers until hoped-for brighter days, The result 
bas proved the value of that courage and the wisdom of that advice. Our syncope lasted 
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with the Society November Ist, 1871, and anuary 
shows most gratifying growth nineteen 


1417 


ENGINEERING ScHOOLS. 


Already toward the end the last century the 
such pioneers Franklin and Priestly suggested those who 
institutions engineering the establishment courses for the 
the natural sciences. The extension the course surveying 
draughting, which was studied many the earlier schools, 
developed into the establishment the chair engineering. 
1826, St. College, Maryland, had course mathematics, 
engineering and military tactics, which Captain Thomas 
graduate West Point (No. 234), was the professor. 

1834 the University the City New York established 
nical course under the charge Prof. Norton, who occupied the 
physics, and Dr. Charles Hackley,* Professor 
Both these gentlemen were graduates the Military Academy 
West Point. Practical training the use the theodolite, level and 
surveying instruments was given students under their direction. 


twelve years; and when, resolved upon one more strong effort for life, came together 
October, 1867, we started with a fund which added materially to our strength and spirit, 
took our present rooms, and, far our limited means permitted, tried 
them attractive. We were no longer vagrants. We had at last established an actual habile 
tion of our own; a point to which each member might come as to his own house, and# 
which he might meet those who, with him, were interested in a common enterprise, andso¥ 
all felt renewed hope. That hope has, in my opinion, been justified by events; for, although 
are still far behind what all desire be, and though some impatient hearts are 
unsatisfied, we have, considering the character of our work, and the age of our organizatios, 
made what may fairly be called large strides. Look at the facts: At the time of re-gathering 
for this work, the members our old register, known alive and thought 
aid the attempt revive the Society, numbered all only twenty-eight. those who 
were present the city speak positively that point, there were but thirteen, 
in October, 1867, not yet three years ago. Now we count upon our rolls 179 regular members 
and the number constantly increasing.” 


*Dr. Hackley was Professor of Mathematics at Columbia College for many years, 
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Text-book Engineering” was the authority 
engineering subjects for several years after 1836. Scanzin was regarded 
Napoleon the best engineer 

the reports the United States Bureau Education will 
found that courses civil engineering were established various col- 
leges during the years mentioned: 1836—Rensselaer Polytechnic Insti- 
tute, Troy, 1845—School Civil Engineering, Union College, 
Schenectady, 1847—Sheffield Scientific School, Yale College. 
1851—Chandler Scientific Department, Dartmouth College, Hanover, 
Thayer School Civil Engineering (post graduates from Chand- 
ler) few years later School Technology, Lehigh University, South 
Bethlehem, Pa. 1864—School Mines, Columbia College, New 
York, 1865—Massachusetts Institute Technology, Boston, 
Mass. 1866—Pardee Scientific Department, Lafayette College, Easton, 
Pa, 1872—Towne Scientific School, University Pennsylvania. 1873 
—John Green School Science, College New Jersey, Princeton. 

Courses military and civil engineering were established several 
nilitary schools the Southern States soon after the nullification move- 
1832. Prominent among this number were the Virginia Mili- 
tary Institute Lexington, Va., established 1839. 

Lewis College, Northfield, Vt., long known Norwich University, 
established Military College very early date, and many other 
military schools and colleges, where civil engineering was taught, were 
established throughout the United States. From other colleges 
and schools that have since been established, the engineers the modern 
railways and other public works are annually recruited. Profiting 
the experiences their predecessors, and with every opportunity for 
study, and every appliance for investigation, graduates from these insti- 
tutions are fitted begin their active duties with advantages vastly 
greater than were enjoyed the young men who swung the axe held 
the chain rod sixty seventy years ago. 


have attempted place record the that have led 
the beginnings engineering science. Happily, the crack the 


*It is related that while Napoleon was in camp at Boulogne, requiring some information 
from Scanzin, he sent for him to come to his tent. Scanzin came, but Napoleon noticing 
he was faint for want of food, was so anxious for the information that he ordered the 
dinner sent to his own tent, and made memoranda from Scanzin’s dictation while he ate. 
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Egyptian slave whip has given place the whistle the steam 


tor; and the tugging song chanted the thousands hauling 


ropes draw hoist the monolith* has died away, 
more while man shall utilize the generated forces. The 
to-day, unlike his early predecessor, able dredge the sea 
and call specialists every branch science his aid. The 
ence the chemist, the metallurgist and electrician can 
assist him solving the problems now presented. may, 
cull from every branch science. With these unlimited 
are his successes more praiseworthy than those his 
forty fifty centuries ago? 

the demands what are pleased call our higher 
tion should exhaust our mines coal, our wells oil and gas, and 
beds ore, that steam and iron should longer the slavesof 
man, could the modern engineer erect magnificent 
Karnak, bore wonderful tunnel the Grotto Posilippo, 
construct such satisfactory system for water supply Rome 
during the Augustan age 


ILLUSTRATIONS FOR PAPER. 


Fig. Egyptian Brick stamped with the Royal Ovals. 

Fig. Assyrian Masonry. Wall sun-dried bricks faced with stone 
(Khorsabad). 

Fig. Brick with stamp, from the Louvre. 
drawn from Art Chaldea and Assyria,” Perrot and 

Fig. Grotto Posilippo, near Naples. Redrawn from 
Rome.” 

Fig. Chaldean Corbeled Vault Bricks. 

Perrot and Chipiez. 

Fig. Greek Corbeled False Arch. 

Fig. Greek Corbeled False Arch. 

Fig. False Arch West Wall Ancient City Assos, 
Drawn from photograph furnished Mr. Diller, Geo- 
logical Survey. 


* See frontispiece, Vol. II, Ancient Egyptians, by Wilkinson, ‘‘ Mode of Transportiog s 
Colossus from the Quarry.” 
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Fig. 10. Corbeled Portal West Wall, Assos. Redrawn from illustra- 
Thatcher Clarke. 

Fig. Section Roman road through Culvert. 

Fig. Old Measuring Line, 1720. 

Fig. 13. Toise, 1720. 

Fig. 14. Surveyor’s Chain, 1720. 

Fig. 15. Odometer, 1720. 

12, 13, and are redrawn from Bion’s Mathematical Instru- 
ments,” Paris, 1723. 

Fig. 16. Water Level, 1720. 

Air Level and Tube, 1720. 

Fig. 18. Air Telescope Level, 1720, 

Figs. 19, 20. Plumb Levels, 1720. 

Figs. 21,22. Plumb Telescope Levels, 1720. 

16, 17, 18, 19, 20, and are redrawn from Bion’s Mathematical 
Instruments,” Paris, 1723. 

ture and Pictures all the Chief Things that are the World,” 
published Comenius 1658. 

Fig. Cross, 1720. 

Fig. 25. Magnetic Compass, 1720. 

Fig. 26. Plane Table, 1720. 

Fig. 27. Circumferenter, 1720. 


24, 25, 26, and are redrawn from Bion’s Mathematical Instru- 

ments,” Paris, 1723. 

Engines. 

Fig. 30. Horse-mill, Water-mill, etc. 

Fig. 31. Ancient Lathe. 
29, 30, 31, redrawn from and Pictures all the 
Chief Things that are the World,” published Comenius 
1658. 

Fig. 32. Bridge. 

Fig. Ancient Greek Assos. Compiled from Papers the 

Fig. Piscina (The wonderful fish ponds), near Naples. 

Fig. 36. Pont de’ Quattro Capi, bridge over the Tiber, Rome. 
and are redrawn from Ruines Rome.” 


Fig. 37. Aqueduct Bridge near Rome. Redrawn from 
Rome.” 


Fig. Tunnel through the Alleghany Mountains. The first railway 
tunnel America. 
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DISCUSSION. 


Am. Soc. E.—It has always seemed 
very interesting study who actually was the first civil 
believe James Brindley, one the first civil work 
Great Britain, called himself Millwright” the end his 
But the man who, English-speaking countries, first signed himself 
Civil Engineer, and that fact, first put the crown upon his own head, 
speak, was John Smeaton. signed himself John Smeaton, 
Civil Engineer,” and, far know, was the first man English 
speaking countries do. observe that also was the 
first expert witness, under our system judicature. was 
witness the law case Folkes vs. Chadd (1782), and contest arising 
whether man could, from the witness stand, give opinion, 
was ruled his favor; doubt account his eminence his 
fession, and the regard which was held all his 
ries. was the first civil engineer and also the first expert 
and yet that was only about one hundred years ago. 

There another addition would like make the paper. Among 
the American societies civil engineers now existence, there the 
Boston Society Civil Engineers, organized 1848 and living 
its charter granted 1851; the oldest society civil engineers 
existence the United States, believe. 


tion early engineering societies the United States, think that 
the author has overlooked the Essayon’s Club Willet’s Point, New 
York, club composed officers duty the Engineer School 
Practice, which was organized January, 1868. 

noticed that the author speaks the Corps Engineers dating 
from 1824. not quite understand what means this, there 
has always been engineer corps the army the United States, 
even during the Revolution. 

Mr. point wanted make was that that was the 
date when the first army engineers were employed civil engineers 
under the law. 

Colonel matter interest will give short history 
the Corps Engineers the United States Army. 

One the earliest Acts the Continental Congress, provided for the 
appointment chief and assistant engineers, attached the various 
armies, with the ranks colonel and captain respectively. This 
was passed June, 1775, and therefore antedated the Declaration 
Independence more than year. From that date until the close 
the Revolutionary War engineer officers were duty with all 
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American armies, the great majority being foreigners from the armies 
Europe. The Chief Engineers during the Revolution was General 
Portail, and the second command was Colonel Thaddeus Kosciusko. 
After the Treaty Peace 1783, all the military forces, including the 
Corps Engineers, were disbanded, and the corps was not revived until 
1794, since which date its organization has frequently been changed, but 
its service has been continuous. 

The Corps Topographical Engineers had its origin 1777, when 
“Geographer and Surveyor the Roads” ser- 
with the After the close the war the geographer became 
“surveyor the public lands,” and ceased connected with the 
nilitary service. Topographical Engineers appear again 1813, when 
four majors and four captains were appointed serve the war then 
under way. This corps was mustered out 1815, but two majors were 
temporarily retained complete their maps, and the following 
corps topographical engineers was made part the general staff 
thearmy. 1818 was attached the Corps Engineers subor- 
dinate branch, and this connection continued until 1831, when became 
distinct bureau the War Department. 1863 the Corps Topo- 
graphical Engineers ceased exist being merged into the Corps 
Engineers. 

The civil history the Corps Engineers begins 1824, when the 
Act April 30th ordered the President have surveys made such 
roads and canals might deem national importance. The general 
direction these surveys was confided board consisting two en- 
gineer officers and one civil engineer, with office force three engi- 
neer officers, and field force twelve engineer officers and six civil 
engineers. The majority the engineer officers connected with the 
above mentioned surveys belonged the topographical branch. The 
laws the Uuited States permit the President assign engineer officers 
any duty that may choose, and this accounts for the singular 
duties which they sometimes have been called upon perform. 

should like refer one other item. Mr. Watkins mentioned the 
name Major L’Enfant, engineer officer French birth. the 
father the City Washington, once city wastes, magnificent only 
its distances, but now the handsomest city America, and one the 
gems the world. Its marvelous uprising was mainly due the fact, 
that adequate foundation for the metropolis great nation had 
been laid engineer, before the soil was broken for the first house. 
The name the man who made such things possible should always 
held honorable memory, especially his professional descendants. 

Past President Am. Soc. E.—In confirmation 
the author this exceedingly interesting paper, his statement 
the first maker the American transit, desire say that many years 
ago, Alfred Young, son William Young, was for time the same 
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corps and from him, and also from his father, whom 
the pleasure meeting later, became somewhat conversant with the 
subject instrument manufacture this country. 
that William James Young, Englishman birth, constructed 
first two graduating engines, worthy the name, America. 
plans for the largest were made Jackson Young, under the 
sion William Young. After many changes the engine was 
structed, and he, with Mr. Watson and Alfred Young, spent the 
best part four years its perfection, over 000 being spent 
men’s wages alone the construction and truing the main 
Great difficulty was experienced Mr. Young procuring prope 
lenses; and his solicitation, optician named Worth, came this 
country, who located first New York. Alfred Young, was 
sent Worth learn the methods lens making, but finally the 
establishment was brought Philadelphia. 

Many the instruments made America and used our 
ment were graduated upon engine. The first transit used 
was one the first, but not the first, made Mr. Young, and 
exhibition the Centennial Exposition Philadelphia, being the 
oldest then obtainable; since that time there was found Altoona one 
the very first made Mr. Young. Both these instruments 
now the possession Young Sons, Philadelphia. 


believed that the first use made William Young’s transit, 
was the construction the State road from Philadelphia Harris 
burg. For the purpose for which was designed, think 
considered American invention. has driven the theodolite entirely 
from the field, least this country. 
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any of its publications. 


473. 
(Vol. XXIV.—May, 1891.) 


DETAILS VALVES AND OTHER 
RATUS USE THE NATIONAL WATER 
WORKS COMPANY KANSAS CITY, MO. 


The machine shown Plate XXVIII used the National Water 
Works Company Kansas City, Missouri. The writer designed under 
the impression that was new contrivance. Investigation showed 
old invention. serviceable cases where large connec- 
tions are made without shutting off the water. The center bolt 
may tapped into the pipe before the machine placed it, shown; 
tap-bolt may inserted the use ordinary pipe-tapping 
machine. (See Fig. B.) After the circular-cutter has cut the piece 
out the pipe it, together with the cutting apparatus, withdrawn, 
the valve shut and the cutting removed. The cutting 
tube can made piece thick hydraulic tubing, and turned 
inserting bars into holes This arrangement was used save 
expense construction. doubt large rachet-wrench turn the 
tube would the work cutting faster. The cutter-head cut 
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8-inch hole, and here shown has ring fit and 
increase the size bore 12-inch hole. putting rings 
the cutter-head, larger holes can bored may required. 
bands hold the saddle place, must proportioned 
strength the size the saddle and the water pressure. 
this machine has patented devices such have been made the subjeots 
patents different dates, works very well. The large machine 
found work well cutting holes inches diameter out 
86-inch pipe, and doubt much larger holes could cut, being 
only necessary increase the size the cutter-head extra rings 

Plate XXIX shows pressure regulating valve, the piston which 
water-packed. extremely desirable machine this kind 
that not the slightest lateral pressure should come upon the 
the least friction will wear cause The cylinder must 
fixed exactly vertical, and the weight must placed 
directly vertical downward upon it. protect the piston from any 
lateral action the lower portion the rod (D) guided, and acts upon 
shorter rod which also guided, lateral force 
ally coming upon the weight will not transmitted the piston the 
water cylinder. The stop-nuts (HH) are provided limit the opening 
and closing motion the valve that may not open more than 
enough supply the greatest demand, and may not close beyond the 
opening required supply the least demand. the case where the 
machine now used the greatest demand the rate 400000 
gallons per day, and the least demand very The pipe broken 
off (C) connects the low pressure side, and should provided with 
valve (K) limit the speed which the piston will move, that the 
main valve may not open close too suddenly. The rings (@) 
made brass and forced over the cast-iron piston. The section (AB) 
shows partitions cast the water-grooves the rings (@) prevent 
any water that may pass upward from running around from one 
the plunger the other, and thus the leak escaping entirely 
through the whole length the plunger. After these rings have 
taken the fitting the rings they will last without repair while 
constant use, for several years. 

The rod from the top the valve that extends through the 
should (as here shown) left free for lateral motion both 
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for wear any inaccuracy fitting up; but the important 


parts should finished superior workman, using first-class 
lathe, insure success. 

When this machine used where the water contains sediment, the 
pipe should connected drum permit the water settle be- 
fore reaches the cylinder, done the case where the valve now 
use. 

the water always free from sediment settling drum 
necessary. machine, here shown, occupies great length; 
the valve the basement and the weights are above the next 
floor. has been operation for some time and has given good satis- 
faction. Itis used connection with two separate distributions; one 
controlled this valve and connected stand-pipe; the other 
times required maintain much greater pressure for fires. The pump 
supplying both has capacity 000 000 gallons twenty-four hours. 
This used avoid separate pumps for each distribution. 

modification this plan requiring much less length the 
machine can substituted with equally good results, provided care 
taken avoid friction the moving parts; as, for instance, the weights 
may below around the water cylinder. 

Plate XXX shows air-vessel the suction-pipe the pumps 
the Argentine Water and Electric Works Company, Argentine, Kansas. 


Before this was applied the pumps drawing from the tube wells received 


large supply air make them work with hammering action. 
The air caught this air-vessel and drawn off the tube lead- 
ing the jet-condenser. This tube placed below the top retain 
some air the air-vessel prevent water-hammer the suction-pipe. 

Plates XXXI and XXXII show arrangement for collecting air 
froma suction-pipe miles long. The water coming permitted 
part with its air flows through the large pipe and thus the 
air passes upward into horizontal air-vessel provided with float 
This operates whistle-valve and rope work throttle-valve, 
that the engineer will notified and the pumping-engine cared for, 
before the flow air reaches the pump. pipe (X) provided 
draw off the excess air jet-condenser. cases where sur- 
face-condenser used the excess air has taken off without 
any water escape. 

The trap (Plates and XXXIV) has been designed and 
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used the writer with success. The top bonnet secured over thy 
escape, and the pipe leads the 
rangement air-trap has worked well. 

will noticed that the valve small, while the float 
work comparatively much larger than has generally been used this 
done ensure uniform certainty operation. strap valve 
top keep out dust back flow air. The bonnet need 
used when discharging into the open air. 

The new devices described this communication are hereby 
rendered the public. 


Mr. Sickels desires state that the print copies these valves, etc., can obtained 
application and payment 
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Volume XXIV, No. May, 1891, page 333, twenty-sixth line from 
the top, Lieutenant-Governor Colder” should read 
Governor 

Volume XXIV, No. May, 1891, page 355, first line foot note, 
“Mayor Clark” should read Major Clarke.” 


CORRECTION. 


page 339 the paper Beginnings 

Major John Wilson (his grandfather) was not graduate West 
Point stated. Major Wilson was born near Stirling, Scotland, and 
was educated there and Edinburgh University. His father was 
officer the British army during the Revolutionary war, and his mother 
was native South Carolina. was naturalized South Caro- 
lina and served Charleston the war 1812-15 the construction 
military works; and its close was commissioned Major the 
Corps Topographical Engineers, U.S. Afterward was ap- 
pointed Chief Civil and Military Engineer South Carolina, and later 
still served the State Pennsylvania the location and construction 
the Columbia Railroad, and other surveys. (For further details, 
see page 46, Vol. Contemporary Biography 
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THE COLORADO AUTOMATIC REFRIGERATOR 
SYSTEM DENVER, COLO. 


interesting and commercially successful experiment furnishing 
medium through main, the same manner steam, 
gas water supplied, has been going Denver, Colo., for nearly 
two years. the enterprise has proven merit, and likely 
adopted nearly all large cities, and, information the subject 
hard obtained, furnish brief from report which made 
the City Counselor St. Louis, where similar company had applied 
for franchise lay mains through the streets. 

Originally, freezing machines were made for obtaining ice, and pro- 
viding customers with this product. After that the aim was furnish 
the refrigerant cold storage warehouse adjacent the ice machine, 
and from there the step was easy supplying any refrigerator along 
line mains. these machines all liquids which readily evaporate 
have been experimented with. Since the days Carré, ammon: has 
been accepted the best, because its affinity for water, and because 
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non-explosive, non-inflammable, and its odor gives 
warning any leak damage. Ammoniacal liquor the 
parts pure ammonia parts water has been determined many 
experiments the cheapest and most efficient. 

The process consists, essentially, the forcing this liquor 
the main the point where refrigeration desired; the 
increase space that point, may quickly vaporize, and 
absorption water, return suction line the central station; 
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AUTOMATIC 
REFRIGERATOR SYSTEM. 


the redistillation the ammonia, and the removal heat during this 
process. that the system practically automatic and once 
run continuously, and, barring accidents, without loss. 

March, 1889, the company installed the plant, consisting 
30-ton ice machine, about miles mains (with connections for twenty- 
nine boxes having air space 70000 cubic feet), and the cold store 
age warehouse 50000 cubic feet capacity. The main one the 
not only capable caring for the 70000 cubic feet air space 
use, but, the installation another 30-ton machine, can care 
150000 cubic feet. The valves the box connections have 
opening inch, which will serve for any ordinary cold storage 
room. Beyond these valves inch connection with grill 
pipes the ceiling the room, the far end which 
return pipe the main leading back the central station. 

the work was entirely the line experiment the 
and most convenient materials were used. The conduit box 
inches square, made rough planks, and encloses the 
the 3-inch return, box connections, and electric wires for detection 
leaks any disarrangement the plant. The box divided 
tions, and each section has pipes coming the surface the 
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the curbline the street. means these ‘‘smelling pipes leak 
break can traced the section, and then the very connection 
which fault. improvement the conduit, which will 
all future work, the use vitrified clay instead wood. 
All the specials, originally put in, were enclosed larger specials 
cast-iron, and the space securely packed with rubber. the slightest 
leak the ammonia turned the packing into sponge rubber,” which 
exerted expansive pressure sufficient burst these cast specials, new 
designs wrought-iron were adopted, and all cast-iron fixtures were 
taken off. With the exception these and few minor details, 
changes have been necessary, and case has any customer been cut 
off for more than three hours, and not single loss damage has been 
caused this company. The electric connections through the conduit, 
notify the central station breaks, are not quite perfected, nor are 
the electric valves the boxes for automatically regulating the tem- 
perature each box, thorough success; due, probably, more the 
diminutive size the opening inch) than any defect 
the principle. 

patrol regulates these things present, but expected soon 
that the defects will regulated and the plant will become thoroughly 
The main features, however, have been demonstrated 
thoroughly practicable, and great changes will made them. 

May, 1889, the first customers were connected with the mains, and 
tests were made show the advantages the system. Two similar 
boxes, with similar contents for preservation, the one fitted for ammonia 
freezing, the other one-third filled with ice, were tested thermome- 
ters placed various parts. After about eight hours, the ice had 
reduced the temperature from about degrees Fahr.; after nearly 
two days degrees Fahr., and that seemed the Bui 
the ammonia process could lowered degrees Fahr., even 
lower less than fifteen minutes; the air this case was dry and pure 
moisture collecting once the grill overhead the form frost) 
instead damp and moist; and meats, fish, once frozen, remain 
during the whole period storage. one case piece meat was kept 
months and then cooked and eaten, and the difference flavor between 
fresh meat, could not detected. soon business was com- 
menced problem was met the regulation prices. Old ice bills 
consulted, and basis much per cubic foot air space the 
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box was decided upon. But some cases this was manifestly 
that arbitrary price was agreed upon. Later researches, 
steam-heating calculations, show surprising agreement with the oldig 
bills, and what seemed impossible the former basis, 
very reasonable. Soall new contracts are made the later 
exposed surface and openings. 
All customers express themselves very well pleased with 
and its results. The third their box formerly devoted ice 
gain, the grill overhead occupies space that ever used, 
temperature, instead being varying quantity, dependent upon 
arrival the iceman, and never below degrees Fahr., can 
duced any degree above degrees Fahr. few minutes, 
maintained within degrees Fahr. the same. the 
moist, disagreeable air ice refrigerator, dry, sweet 
clean; and the opening valve takes the place the iceman’s 
with all uncomfortable circumstances. enthusiastic over are som 
customers that cannot refrain from quoting two extracts. 
sumer says: The Colorado Automatic Refrigerating 
absolutely perfect, and something that butcher needs 
only one week him feel that rescued from one the grat 
est evils the butcher’s business, namely, the price, trouble, labor, 
dirt, attendant upon handling natural ice;” and another writes: 
ice was given gratis, and even placed box free 
would not use it, and exchange present method obtaining 
air.” These the way the system regarded all 
know thoroughly, and that has passed through the 
stage well settled business enterprise. 
Haskins, Am. Soc. E., discussed the 
briefly, but asks that his remarks omitted, proposes 
them the form paper. 


understood that some the leading features this plant are subject 
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CONCRETE SEWER MT. VERNON. 


WITH DISCUSSION. 


laying out the main outlet sewer Mt. Vernon, Y., was 
found that large portion the line must excavated through rock, 
and decided that for economical reasons the sewer should consist 
channel, constructed situ, with arch covering stone. 
this way all the rock saved from the trench was valuable for the mac- 
streets, earth was necessary for filling over the arch, 
which would have been needed cement vitrified sewer pipe had 
been laid, and this earth involved long haul. addition, such cross- 
section could secured that man could readily pass through the 
sewer, cleaning and saving the number manholes. 
was not supposed that Mt. Vernon the sewer would used 
for electric wires, gas water pipes, but could readily 
for such purposes. 

Figs. and show sections the sewer and the general form con- 
only the minimum rock excavation was required, sufficient 
all cases give few inches thickness concrete. The invert 
section vitrified pipe, such sold for such purposes; this 
bedded cement mortar the rock concrete true line and 
grade, this placed the invert center, Fig. and concrete Rosen- 
dale cement (mixed cement, sand broken rock not larger 
than inches) rammed around its sides. After the concrete has set, the 
invert center removed and the face the cement struck with 
thin coat, thick Portland cement well troweled on, 
plumb Fig. which the base fits the opening the channel, 
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number holes, which are centers for describing the arch, and 
centers used are those best suited the rock excavation. 
the radius the arch was invariably two feet, and this radius 
string rod was applied different centers, till one was found 
adapted the rock cut. general the arches were laid horizontal 
the same center the plumb used for convenient length section; 
that another center might taken with vertical offset, but 
convenient, the arches might laid incline, that 
the sewer would feet feet high. The practice was arrange fir 
the skewbacks first and then set the usual centers about feet wik 
and complete the arch from stone from inches thick and 
taken from the cut and laid cement. The upper surface 
was kept high the rock cut and the proper depth below the 
the street would admit. 

This construction applied only the main outlet sewer, 
there was spur for house connections, all the other sewers 
pipe various diameters from inches, the minimm 
being All the house connections were inches 
the provisions the contract there was capped pipe nat 
the bend from the spur. The idea was obtain ready access 
removal obstacles either the main sewer its branches, 
plify this the bend, Fig. was adopted, which was the first 
with the spur the main line. The oblong hole gives ready 
short reach both the main line and the house connections. 
the cover put with earth packing, the trench filled and 
can got only digging down. The usual depth mains 
invert, and the distances between spurs, feet each side. 

manholes where the lateral sewer came considerably 
above that the main sewer, put the line the 
just inside the wall the manhole with the upper end open, 
the flow the lateral was readily seen, and the other end was 
down with elbow the bottom the level the main sewer. 


DISCUSSION. 


Mr. answer Mr. Brush the cost. the 
was done contract, generally much per lineal foot, including 
excavation and sewer; some places, rock excavation the 
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yard and the sewer the lineal foot; occasionally short lengths 
there was rock, then rough rubble wall was laid, which was faced 
with concrete the same rock. The price given for the work would 
afford but little criterion its cost, but was satisfied that under the 
conditions and economical considerations, should adopt 
similar construction. 

answer Mr. Harris with regard manholes. There are man- 
holes invariably all sewers, except the outlet, every street junction, 
every change grade and intermediate about 500 feet apart, the 
special hand hole bends each spur are remove obstruction the 
main between manholes and the house connections. 

ferred that there should concrete the bottom, but bed the 
vitrified invert cement directly the rock. the sides the minimum 
thickness would about inches, space enough pack the concrete 
merely. The Portland cement plaster was from inch thick, and 
perhaps sometimes more, bring the surface smooth and even. Ce- 
ment laid with brush will resist the passage water. not 
the thickness, but the thorough working which makes cement im- 
pervious. 


form which Mr. Worthen has described us, points the general pos- 


sibilities this material; the United States still use sparingly, 
was the Island Jamaica few months ago, where there very 


little, any, good building stone, and concrete used very large 
extent. 

The Jamaica Railway Company were then building extension 
their line, and was invited examine the works. Away the 
mountains they were building concrete pipe-culverts, feet diameter 
and over, and they were doing very successful way. was much 
interested see how easy was what with home has gener- 
ally been considered not feasible; here, when use pipe-culverts for 


railroad work, usually employ extra heavy earthen sewer-pipe 
pipe, either which costly, and often difficult transporta- 
but there they were easily and swiftly building the culverts right 
the site; they had portable platform which could brought 


quite near, which were ranged number spacing-blocks conform- 
ing the circumferences the inner and outer frames cylindrical 
wooden moulds; the frames were placed vertically the platform, 
secured firmly the bottom the spacing-blocks, and clamped to- 
gether the top, the proper gauge being maintained double wedges 
between the two halves the inner frame; the concrete, composed 


work 
cement, sand and gravel, was poured and rammed; after 
time had been allowed, the wedges were removed, and the inner frame 


taken out, just centers are struck, and then the outer frame could 
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lifted off. The same platform could course used for various sizes 
and several sections pipe one time, and could readily 
along from place place; although the whole operation was being per. 
formed negro laborers, there was nothing wanting either strength 
smoothness the finished pipes. remember correctly, they had 
rough rule inch thickness pipe for each foot diameter. The 
ease and cheapness with which the cement can transported, 
pared with manufactured pipe, would recommend this form 
tion, even the actual first cost material also was not less; 
the chief cost was the cement, sand and gravel being generally found 
close hand. 

was also shown very heavy retaining-wall, feet more height, 
the concave side sharp bend the River Cobra, built 
the railway embankment where exposed the full effect formidable 
freshets; the wall was entirely concrete from toe coping, and 
been service for several seasons with absolute 

Concrete used Kingston for architectural purposes extent 
not dream here. They use for arches, retaining-walls, colon- 
nades, the walls houses, stairways, which the entire structure 
supporting members and treads homogeneous body fine concrete, 
and, generally speaking, wherever would use stone; the quality 
very strong, hurd and enduring. 


Horace Anprews, Am. Soc. E.—I should like inquire 
the concrete used Mr. Worthen the Mt. Vernon sewers. 
the cement used Portland? should apprehend failure the 
unless was better construction and better material than 
usually secured with natural (or Rosendale) cement work this 

Lamp-holes the ends lateral sewers, changes grade 
between manholes, are considerable use for flushing purposes, and 
enable the superintendent sewers quickly decide the nature 
stoppages claimed exist the sewer, and which, the 
these appurtenances, may shown the house-drain and notin 
the sewer. not quite understand whether Mr. Worthen means 
opening upward each house connection was made the same length 
pipe that provided with the usual for the house connection, 
that branch immediately followed the feet length pipe with 
moulded for house connection. the latter supposition 
the expense such construction would exceed that occasional 
lamp-hole, while case will the openings useful 
man lamp-holes. 

The method mentioned bringing the laterals into the manholes 
will preclude the use rods for removing obstructions the 
and will also prevent flushing balls from being passed from manhole 
manhole. 


Worthen, subsequently its reading, inserted the reply this query the 
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ADDRESS THE ANNUAL CONVENTION 
CHATTANOOGA,. TENN., MAY 1891. 


The field engineering has now grown large and being culti- 
vated many different directions, that scarcely practicable 
for the member who has been honored election the Presidency 
this Society, review the annual address the engineering advance 
all these different directions, for attempt would probably 
result dry catalogue, chiefly consisting numerical data, fact, 
having gathered good deal more information than can make inter- 
esting within the time command, shall not undertake upon this 
present you review the whole field, and the members 
present will thereby spared good many indigestible statistics which 
collected; but shall endeavor instead select few the 
leading engineering works the past year, touch upon the new 
things and the advance which they indicate upon previous practice, and 
interest you with account some engineering proposals which seem 
possess features novelty. 
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TUNNELS. 

The principal engineering achievements during the past year haye 
been connection with tunnels. First, there was the completion 
the new Croton Aqueduct, practically rock tunnel miles long, unde 
charge Mr. Fteley, Vice-President this Society, which 
opened the 15th July, 1890, having taken five years boring 
Its full capacity 318 000 000 gallons per day, and its cost June 
1890, was $23 561973. was the successful driving 
the railroad tunnel beneath the St. Clair River Sarnia, 
charge Mr. Joseph Hobson, Member this Society; 
which seems likely inaugurate period considerable 
similar works this country. You will remember that tunnels unde 
rivers have hitherto been believed involve almost insuperable 
culties, that similar work was abandoned Detroit some 
years ago, after considerable sums had been spent trial headings, 
under one our ablest engineers, Mr. Chesbrough, that work 
also suspended upon the Hudson River tunnel New York 
because capitalists had lost faith its successful completion, and 
that good many important crossings rivers have remained abey- 
ance, halting between the opposition the marine interests bridge, 
and the difficulties which were thought involved attemptto 
tunnel. These difficulties seem have been far resolved the 
Sarnia and other recent tunnels, that may expect capital 
nished freely for analogous projects the near future. 

The tunnel under the St. Clair River Sarnia was built for the Grand 
Trunk Railway the St. Clair Tunnel Company 
single track, and just 000 feet long between portals; 290 feet this 
distance being under the river proper. driven through soft 
and gray clays, with occasional pockets gravel and quicksand. 
boulders were met with, while inflammable and explosive gas, issuing 
through fissures, added much the danger carrying the work. 
The success achieved was chiefly due improvements the shield, 
which latter was designed Mr. Hobson; the rapidity with 
the lining could put place; and the admirable 
the work and plant. The shield was cylindrical form, feet 
diameter, feet inches long, and built 1-inch steel 
was forced forward 18} inches time hydraulic rams distributel 
around the circumference the back the shield, and taking 
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bearing against the completed portion the lining. Their aggregate 
capacity was 000 tons maximum. The front portion the shield 
divided into twelve compartments pockets, which form shelves 
upon which men stand excavate the material front them, under 
cover the cutting edge. This material passed back through two 
doors the lower portion the shield, which can rapidly closed, 
should the men driven away from the front the intrusion soft 
liquid material. After passing through those doors, the excavated 
material conveyed dump, upon small cars running over service 
track. The work was carried night and day from each end, and was 
performed normal air pressures, that say, with the outer ends 
the tunnel open, until the edges the river were reached. Then bulk- 
heads were put these points, and the remainder was excavated 
compressed air, with pressures varying from pounds the 
square inch, order keep back the intrusion water drying the 
exposed surfaces the clay, and support the latter certain ex- 
tent, increasing the air resistance. 

The lining cast-iron, inches thick. The ring feet out- 
side diameter, and divided into thirteen segments, each feet inches 
long, provided with flanges which they are bolted together. Thin 
packing pieces seasoned oak are inserted between the segments, which 
their swelling, when contact with moisture, produce water-tight 
joint. Lengthways the tunnel each lining ring measures 18} inches, 
and the segments are swung into place bya rotating arm crane, which 
can extended and motion. one hour sufficed 
swing and bolt into place ring segments, and has been done 
forty-five minutes, the clay being kept back meanwhile the pro- 
jecting hood rim, feet long, the back the shield. When atthe 
next forward movement this rim slid forward, the annular space, inch 
thick, thus left, was filled injecting cement grout prevent caving. 
The shield was controlled and kept true line bringing less more 
the rams into action. were all independent each other, and 
working each the twenty-four rams required, the direction 
the shield could altered pleasure. This feature proved complete 
the work never varied more than inches out true position, 
and the final outcome the two shields met exactly, under the river, 
line and level. 


The works were lighted electric incandescent lights and drained 
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pumping engines, but the precautions taken were complete that 
there was very little water take care of. may imagined, 
extensive and care-compelling piece work required good deal 
machinery. This was admirably arranged, chiefly groups each 
the tunnel, and visit the plant conveyed more the impression 
well organized manufacturing establishment than that ordinary 
tunnel outfit, generally bristling with temporary expedients. There 
was place for everything and everything was its place, while every 
man understood clearly his duty and performed promptly. 

Excavation began January, 1889, and the tunnel proper was started 
July 1889, the American side, and September 21st, 1889, the 
Canadian side. The two shields met the 30th August, 1890, thus 
practically occupying one year 000 feet, the average rate 
about feet per day per heading. Meanwhile, work was resumed upon 
very similar plan upon the tunnel under the Hudson River New 
York. The shield was designed and constructed England, 
practically upon the Greathead’’ system, which will further alluded 
hereafter. The work now progress, and said advancing 
the rate feet per day through the Hudson River silt which 
proved troublesome during the previous occasion. understood 
that has practically been decided build similar tunnel under the 
river Detroit, lieu the bridge, for which charter has been 
sought for during the past few years; that fact the work has been 
begun hold the charter, and that expected complete the 
tunnel within two years. 

Antedating somewhat the Sarnia tunnel, similar work upon similar 
system, consisting the subway tunnels for the City and South London 
Railway,” has been carried London, the designs and under the 
supervision Mr. Greathead, This work extends from 
the close London Bridge, under the Thames, point 
the Clapham Road near Stockwell, distance some miles, 
and was opened the public the 4th November, 1890. The 
subway sunk some feet below the surface, thus avoiding all 
interference with sewers, gas and water pipes, foundations buildings, 
and therefore reducing very greatly the other damages 
have proved expensive such city works. consists two 
ate tunnels, each feet diameter, driven through the London 
the methods devised Mr. Greathead. These mainly consist 
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forcing forward metallic shield hydraulic power, fast the ma- 
terial excavated ahead, and lining behind with built-up rings 
cast-iron plates, much the way which has been described treating 
the Sarnia tunnel. The diameter being small, forward progress 
feet per day was frequently obtained, and the two tunnels were kept 
entirely separate from each other, being generally side side, but 
some cases being one above the other. This division into separate sub- 
ways, not only reduces the amount excavation, but confines 
train within its own tunnel, thus limiting its possible wreck leaves 
the track, and avoiding the danger its being run into train run- 
ning upon the other track; also greatly improves the ventilation 
this underground railway causing each train act piston and 
drive out the air ahead it. 

The railway carriages are cylindrical form, and are hauled elec- 
tric locomotives, thus suppressing the foul gases which have proved 
annoying the London underground railways now worked steam 
locomotives. Inasmuch passengers are conveyed between the street. 
and the underground stations elevators, the increased depth not. 
objectionable, and the line actually found more accessible than 
the Metropolitan Railway, which only half deep, but reached 
staircases. The electric machinery said working well, and the 
line meeting with much public favor, much that already 
considerable number similar projects are the field. proposed 
provide deep subway lines for London and for New York; and triple 
tunnel line for carriages and foot passengers now progress under 
the Clyde, Glasgow. 

Still another system tunneling has been introduced England 
during the past summer, boring tunnel 560 feet long and 
feet diameter, for additional double-track railway line King’s 
Cross Station, London. This system that Jennings Stan- 
nard, patentees, and consists supporting the clay while driving through 
it, upon iron steel sheet piles needles feet inches long, 
inches wide and inches thick, tongued and grooved interlock 
each other, while permitting sliding forward. These needles are driven 
forward into the clay, from one three time, hydraulic jacks, 
until but one two feet rest upon the brick-work the finished por- 
tion. The other end supported upon timbering, the excavation and 
brick lining progresses, and the needles having cutting edge, shape the 
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excavation the desired section. they are but inches thick, 
subsidence said take place upon their being driven forward 
the lining built, inasmuch the thickness occupied them 
with cement grouting, through tubes provided for that purpose, 
fast the work progresses. This method evidently requires but 
expensive plant, and readily admits changes the size and shape 
the excavation. Itis not unlikely that firm clay may prove cheaper 
and more expeditious than the working with shield, but 
material, the latter would seem much safer and more 

Reference may made, while touching tunnel materials, the 
drainage tunnel for the Valley Mexico, 9.76 miles long, which 
being driven through the that country, and which 

mud thoroughly compacted, which cuts like half-baked clay, and stands 
good deal like rock until attacked water and weather. was 
through this material, that Martinez, the Mexican engineer, 
1608 the extraordinary feat driving drainage tunnel more 
miles long eleven months, with impressed Indian laborers and the 
crudest mechanical appliances. Some you, least, will remember 
that our fellow member Mr. Garay gave 1882, most interest 
ing account this great work; which led, when the unlined 
caved and choked up, the digging the Nochistongo” cut, the 
greatest the world, occupying one hundred and fifty years its 
monstrous excavation; and how explained the reasons which required 
the boring new tunnel connection with adequate drainage 
canal, These works are now progress, the tunnel excavation being 
supported the old-fashioned timbering methods, which are said 
answer well this good ground. 

The various tunneling methods which have far been described, 
are applicable chiefly clay firm silt, and notable that through 
this class material the progress has generally been from 
per day, matter what was the size the excavation the 
employed. solid rock soft and porous materials, some 
methods are preferable, and may briefly touched upon. For soft 
rock, like chalk, remarkable results have been achieved with 
invented Colonels Beaumont and English, the British Royal Engi- 
neers, the proposed tunnel Dover and Calais, prior the 
suspension the work some nine years ago. This machine 
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chiefly very massive cutter head (driven compressed air), the 
shape single cross arm the diameter the heading tunnel 
say feet. provided with cast-iron cutters, arranged 
that the edges wear they can turned present new cutting 


points, and said bore with extraordinary rapidity. stated 
have eaten into the chalk the rate foot every ten minutes, and 
that upon one occasion the progress obtained trial was feet 
twenty-four hours, including the removal the debris, nearly seven 
times the best progress which has been made clay. 
the is, the way, fact but little known that this tunnel between 
England and France, which, ever completed, miles long, 
has had good deal work done upon it. Not less than mile 
already bored each end, and indeed was whispered some the 
American Engineers when Paris 1889, that good deal more than one 
mile was bored the French side; but any event the confidence 
capitalists seems great the profitable prospects the proposed 
investment, the estimated cost $20 000 000, that they are said 
the prepared resume operations once, only the military objections 
the part the British government removed. How far the machine 
which has been above alluded would applicable hard rock, 
might well worth the experiment. 
the For soft, permeable and sandy soils, still other methods tunneling 
must devised, especially where, order maintain easy gradients, 
desirable but little below the bottom For such 
the proposal has repeatedly been made put the tunnel down 
from the top, sinking series bottomless pneumatic caissons, end 
and connecting them afterward together. evident that 
that case the principal difficulty how make the joints connec- 
tions, and ingenious devices have been proposed for that pur- 
pose. The best suggestion probably that applying the 
feet freezing process,” equipping the ends the caissons, outside the 
bulkheads, with coils iron pipes, through which some frigorific sub- 
other stance can circulated, after two adjoining caissons are place, and 
soft has been dumped top them. The expected result would freeze 
the material surrounding and intervening between the caissons, 
permit driving through it, and then making permanent connection. 
believed that this method promises considerable economy, espe- 


those cases where will practicable dredge out trench 
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advance before dropping the caissons, the cost such dredging 
excavation would but about one-fifth that excavation 

Smaller tunnels than those which have been above mentioned, 
also progress for water-works Chicago, Milwaukee, Cleveland 
St. Louis, but these have been frequently described, that does 
seem desirable more than allude them this 


While have not maintained the ocean and the foreign 
ing trade, the relative position which the United States occupied the 
days sailing vessels, and while the railroads have pretty well 


tailed the business the steamboats upon our principal rivers, yet 


have continually enlarged our marine the Great Lakes, both 


number and size vessels, that the commercial fleet thereon 


consists some 247 sailing vessels and 435 steam vessels, 
years ago there were 1408 sailing vessels and 868 steam vessels. 
maximum size has been increased from 200 tons 900 tons for 
ing vessels, and from say 1500 tons about 3000 tons for stem 
vessels. This increase size has been brought about the 
tion the railroads, which have, constantly reducing their rate, 
compelled the lake vessels the same, order hold their trade, 
greater economy water transportation having been secured 
ing the size the vessels, and building them metal 
wood. 


tonnage vessels requires increased draught and depth 
water, and therefore number works have been carried the 
general government about the great lakes, which have within the 
ten years increased the navigable depths from feet, and 
have been shown save annually more than their entire cost the 


country large. 


Many the new steamers which with 15} feet draught, can 
tons, could carry 3000 tons with the channels deepened 
feet. Their speed, although not great that the 


passenger steamers, may stated miles per hour. 
ments are therefore now progress the building 
lock the Sault Ste. Marie, and deepening the channels through 
the St. Clair flats and the Lime Kiln crossing the mouth the 
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Detroit River, which will soon give navigable depth feet from 
Duluth Buffalo; and one the important engineering problems 
the near future how best further avail the superior economy 
water transportation. Three more projects are now being contem- 
plated and discussed the communities surrounding the great lakes, 
which will briefly outlined. 

only when our attention called the subject that realize 
the economy which pertains water transportation. Mr. Corthell, 
Member this Society, very able and carefully prepared paper 
recently read before the Canadian Society Civil Engineers, states the 
ocean freight rate average mill per ton per mile, the exist- 


ing lake rate mills, and the through rail rate mills per ton 
Thus the lake rate three times and the rail rate ten times 
that the ocean rate. Mr. Corthell favors ship railway miles long 
between Lakes Huron and Ontario, and the deepening the St. Law- 
The rence River, including the enlargement the several side canals, 
flank the troublesome and dangerous rapids which exist various points, 
mates the cost this $27000000, and that the ship railway 
$15500000 more. also estimates that the result will reduce 
the cost freight from Chicago Liverpool $3.48 per ton, against 
$6.74 per ton all-rail New York, and thence ship Liverpool. 
The rate over the ship railway estimated mills per ton per mile, 
against mills per ton per mile the Welland Canal. 

depth The second project connect the waters Lake Erie with those 
the the Ohio River ship canal. The general assembly 
which feasibility the project, and survey and lay out route 
the cost. This commission reported last February the 
General Assembly 1891. recommends route, from Conneaut 

Lake Erie the Ohio River Rochester, 103 miles long, 
feet. The prosecution the surveys was entrusted Mr. Good- 


win, Member this Society, and Mr. Thomas Roberts, who were 
also members the Pennsylvania Commission, and the route favored 
makes the distance from Lake Erie Pittsburgh, 1283 miles. The 
locks proposed would 315 feet long and feet wide, with feet 
water the breast wall. This would afford passage for wooden, screw, 
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freight steamers full” lake model carry 1500 tons 
feet water; and for gunboats the Concord and Yorktown class, 
are 230 feet long the load line, with feet beam and mean 
feet. The cost the canal estimated about $27 
The project provides for navigation incidentally 
The City Chicago, having for sewerage purposes, decided 
the current the Chicago River, and cause empty into 
Mississippi tributaries instead Lake Michigan, will, 
its drainage operations, create navigable channel Joliet, some 
miles, which expected shall extended the general government 
the Mississippi River. The existing canal affords feet depth, and 
the improved water way will probable not less than feet 
from Chicago the River, and thence feet, 
increased feet, the Mississippi. Thecostof the 
the portion which the City Chicago perform, has been 
$20000000 $28000000, and has been expected that the work 
would under way before now. Some complications have, however, 
recently arisen through the imperfect legislation which was 
before sufficient time was taken make exhaustive engineering 
investigation all the elements the problem, and fresh 


given the adage that great haste may result slow speed. 


Whether large loaded vessels can safely transported overland, 
whether the ship railway destined afford transit locations wher 
the difficulties the ground, the scarcity water not 
building canal, shall probably know better year two 
when the Chignecto Ship Railway operation. This now being 
built, you know, across the Isthmus Chignecto, Nova 
and will the first ship railway ever constructed. paper this 
the February The line the Chignecto Ship Railways 
miles long, and straightthroughout. thus avoids the use 
floating deflection tables, such were designed Captain Eads for the 
Tehuantepec Ship Railway, two three which are proposed 
Corthell for the Hurontario line. These are placed the 
tion tangents, where the direction must changed avoid 
great cost, and they are likely, ever built, cause delays 
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annoyances various kinds. They are felt unsatisfactory solu- 
tion, not only troublesome and costly themselves, but increasing 
largely the cost grading, order not multiply the number these 
turn-tables, and the consequent loss time. 

Iremember that the profile the proposed Tehuantepec Ship 
Railway there was one tremendous cut, with level ground each side, 
Captain Eads told that was through entirely isolated 
rocky hill, through the middle which felt constrained run his 
line, order avoid putting deflection table, while detour 
afew hundred feet either side would have avoided entirely. 
point fact, know, nature does not lay out her work straight 
lines, and flexibility required ship railway lines, conform the 
natural sweeps the country. Perhaps this requirement has been 
met the invention British engineer, Mr. William Smith, Aber- 
deen, who has patented arrangement ship railway, which 
claimed admit both lateral and vertical movement the trucks 
carrying the ship, without communicating these motions the vessel 
which being transported. exhibited working model this 
large scale the Edinburgh Exhibition 1890, which picked out 
the canal, boats feet long and feet 6-inch beam, transported them 
1200 feet overland, gradients varying from 75, with 
curves feet radius, and dropped them back into the canal 
another point. The loading occupied one and one-half minutes, and 
the unloading one minute, and two naval experts, Sir Reed, late 
chief constructor the British Navy, and Mr. Kiniple, expressed 
the opinion that this system ordinary ships can transported over- 
land with absolute safety and small cost. The car cradle which 
intended carry the ship, rests upon compound trucks, each composed 
four ordinary trucks, admit motion both laterally and 
vertically. The cradle approximates outline the vessel which 
carried, and this cradle are placed series india-rubber can- 
vas bags tubes, about inches diameter. For large vessels these 
may increased feet diameter. ‘They are closed one end and 
open the other, being filled with water about flotation level, 
that the vessel constantly water-borne, and receives none the twists 
nor shocks which may encountered the trucks, this device 
large scale, well seems have done the work- 


ing model, may expect effect great reduction the cost 
location for ship railways. 
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There were built the United States, 1890, according the best 
authority, miles new railroads. This was less than average 
the new mileage the preceding five years, but was considerably 
more than was built that year any other country. left with 
aggregate 167741 miles, nearly one-half which has beep 
constructed since 1879, and amounts nearly per cent. the total 
railroad mileage the globe. 

Improvements the operation existing railroads have during the 
past year fully kept pace with construction. The extension the 
operating and safety appliances fully and ably treated 
predecessor, President Shinn, has continued; and the application 
signals, steam heating and gas lighting for passenger cars, and 
power brakes and automatic couplers for freight cars has progressed 
with accelerating ratio. With regard the latter, recent issue 

Engineering News states that companies controlling nearly 000 miles 
railway (over one-half the total mileage the country) and 69700 
freight cars, have adopted the Westinghouse automatic brake, and are 
applying either all new cars, certain classes new cars. 
Over 150000 cars, per cent. the whole are now equipped. 
Also that the January, 1891, the total number cars equipped 
with the Master Car Builders’ automatic was over 
nearly per cent. the freight rolling stock the United States. 
There were last year, stated President Shinn, freight 
cars with Westinghouse air brakes, and 56050 freight cars with Master 
Car Builders’ couplers. You were told last year the annual address, 
what had been accomplished that time the way locomotives, 
and you have been told this Convention, Mr. Parsons, 
the latest novelty this direction. The problem is, you know, how 
get increased tractive power without injuriously increasing the weight 
the driving wheels. The locomotive practically started with the 
with one pair wheels, and weight tons, then, littleby 
little, additional driving wheels were coupled on, with many 
get them pull together, until reached some two three years 
the type, with ten driving wheels coupled together, 
weight tons. Now the proposal made Mr. Shay work 
indefinite number driving wheels providing the locomotive with 
line shafting, gearing into the wheels, all them being drivers. 
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The heaviest locomotive thus far built upon this type tons 
weight. similar increase has within the last decade taken place the 
carrying capacity freight cars. Ten years ago the 10-ton box car was 
the standard, and weighed tons, nearly much the useful load. 
Now the standard may said the 20-ton car, weighing tons, 
six-tenths the load, while cars tons capacity are not 
uncommon, the latter weighing tons. may questioned, 
however, whether are not danger going too far this direction, 
and losing the increased wear rails, what are saving the 
hauling expenses. used think that weights driving wheels 
should limited 12000 pounds, and freight car wheels 000 
pounds, Experiment showed some years ago that with these weights 
were getting pressures 000 000 pounds the square inch, and 
now that are imposing weights locomotive drivers 16000 and 
18000 pounds, and 30-ton freight car wheels 11250 pounds, 
may going too far, and placing crushing, rapidly grinding pres- 
sures upon our rails. 

believed that improvements terminal facilities have not quite 
kept pace with other economies railroad operation and transportation. 
Switching yards might better arranged than they are, and cranes 
might more frequently used load and unload goods. Especially 
there need for the invention and introduction some mechanical 
methods handling and freight from the receiving doors 
the houses the cars which they are loaded, order 
reduce the large gangs men now engaged trucking long distances, 
our principal freight stations. the problem involves both convey- 
ing and sorting the freight, perhaps insoluble, but promises suf- 
ficient economy and profit warrant some inventive engineer con- 
sidering carefully. 

You may, perhaps, interested having your attention called 
one two large foreign railways, and some novelties proposed 
constructions, and first may say few words concerning the Pike’s Peak 
Railway, which just about being opened, and which the first this 
and extends from altitude 6600 feet above sea level, Manitou, 
Colorado, one 14200 feet the summit. The system, most 
you know, chiefly consists applying the power the locomotive 
through double cog-wheels, mashing rack laid the center the 
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track. This rack built two parallel bars, which the openings 
are staggered, that there are always two teeth the cog-wheel 
gear, and other teeth are also contact with the gear, thus greatly 
adding the safety and the ease motion. The maximum 
Peak feet per hundred, which cannot called steep, 
view recent European mountain railways. Thus the Mount 
line Switzerland, built 1889, the Abt” system, and 
miles long, has maximum gradient per cent., and the line 
Mount San Salvatore, near Lugano (1.02 miles long), which worked 
wire cable, has maximum per cent., nearly degrees from 
the horizontal. 

These mountain lines seem have proved very remunerative 
Europe, and quite number them are operation construe 
tion. Even the Alpine Mountain the Jungfrau,” which 
recent years was considered inaccessible, proposed builds 
railway with maximum gradients per cent., nearly 444 
inclination. This worked cable railway, and wholly 
tunnel, the cars being arranged form piston, close 
the tunnel, ensure safety case the breaking the cable, com- 
pressing the air, was formerly done this country certain makes 
passenger elevators. 

mixed system intended upon the miles near the summit 
the Transandine Railway now approaching completion South 
America, between Buenos Ayres and Valparaiso. This 
132 feet the mile, and partly (the locomotives being geared that 
they enter upon the track without stopping) the use toothed 
wheels, upon the system, over gradients the maximum which 
per cent., 422.4 feet per mile. The whole line from Bnenos 
Ayres Valparaiso 850 miles long, which 701 miles were com- 
pleted and opened the last accounts, and the remaining 149 miles 
were under construction through the mountain section, involving very 
heavy work and large number tunnels, many them the 
perpetual snow, 000 feet above the sea. being constructed 
English engineers and contractors. 

Among railroad novelties may mentioned the Hydraulic Sliding 
Railway, section which has been opened near the Crystal 
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exhibited the Paris Exposition 1889, and there attracted much 
attention. 

The principal feature this decidedly novel invention that dis- 

entirely with wheels, and substitutes therefor series iron 

shoes which carry the railway car, and rest upon broad flat rail. The 

shoes are perforated with very narrow annular orifice, slit, through 

which water forced high pressure, actually raise the shoes 


off the rail, and float the cars upon very thin water bed between the 
shoe and rail. This, may imagined, reduces the resistance for- 
ward motion minimum, experiment having shown that this hy- 
draulic friction the sliding railway is, level, less than one-fifth 
the usual rolling friction the wheels ordinary railway. 
the whole train thus afloat this film water, may asked how 
ntil impulse communicated from the motive power. This ingen- 
iously done water jets issuing from fixed nozzles along 
the roadway, which are opened and closed automatically the train 
itself, and which impinge upon suitable pallets attached under the 
may realized, the consumption water great, and other 
methods propulsion have been proposed, but thus far without any 
kes practical results. This novel system has been mentioned more 
matter curiosity than one from which satisfactory results trans- 
mit portation are expected, although the promoters the scheme 
uth claim that speeds 125 miles hour have been obtained, and 
tain that less than per cent. the fuel required drive train can 
nt., saved, giving actual experimental figures Such data were 
evidently obtained upon level line, and all know that the resistance 
hed but very small part that encountered upon rail- 
way. wheel friction, for instance, pounds per ton, while 
that from gravity grade 52.8 feet per mile pounds per ton; 
and there are addition the resistance from from the atmos- 
iles phere—the latter, high velocities eometimes forming important 
fraction the whole. For bearings, however, for cranes, and 
possibly for drawbridges, this idea supporting weight upon thin 
film water, issuing great pressure, may worth experimenting 
ing One the great railways the world, which eventually over 
Pal- miles long, now under construction the Russian Government 
was Eastern and Western Siberia. For the present consist 
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two isolated sections railway connecting the navigable waters 
Sea, the first section extend 261 miles the navigable 
the Amour; connect with 590 miles steamboat 
Thence begins another railroad section 895 miles more, which 
connects with 870 miles steamboat navigation and thereby 
isting railways extending some miles further St. 
Altogether there are 156 miles railroad built now, 
mated cost $103 and the work expected completed 
six years. Russia has now about miles railway for 
000 000 inhabitants. aboutto enter upon increased activity 
railroad construction, there may opportunity for the employ. 
ment the rapid and cheap American methods and tools, 
well other portions the world. 


NORTH 


SOUTH AMERICA 


EUROPE 


AFRICA 


AUSTRALIA 

may interesting this connection inquire the relative 
railroad status various continents, and having lately had occasion, 
for another address, compile and estimate the number miles rail- 
way the world the Ist January, 1891, the result. herewith 
graphically exhibited adiagram. this diagram the length the 
lines represents the aggregate number miles each continent, and 
the thickness represents the ratio the number miles railroad for 
each 000 inhabitants. The actual figures are follows: 
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ivers North America estimated possess 187 425 miles, 21.54 miles 
apan per 000 inhabitants. South America have 000 miles, miles 
inhabitants; while Europe has 141 000 miles, being the 
per 10000. Africa, with 000 miles railroad, averaging mile 
per inhabitants, and Australia, ranking nearly with Europe and 
South America, with 000 miles railroad, and ratio 3.42 miles 
inhabitants. Asia, therefore, and more particularly China, 
present field for railroad missionary work, for cannot fail 
ascertain how great national economy will follow upon 
ivity the substitution railroad for other methods land transportation. 


There was occasion, connection with the schedule the world’s 
railways already referred to, estimate this national economy for the 
United States, and was found that assume that there was real 
necessity for the whole volume the exchange commodities and 
movement passengers (which volume, course, could not exist the 
higher charges) the business done our railroads 1889, the rates 
freight and passengers which existed before the railway era, would 
have cost the nation not less than $12 239 899 980, while the charges 
actually collected were $992 856 856, thus leaving difference, national 
saving that basis, $11 247 043 124, more than the entiré capital 
invested our railroads, which, represented their stocks and liabil- 
ities, amounted 931 453 146. 

The average cost railroads the United States stands about 
$60 mile, while Europe they are capitalized about $120 000 
per mile, the difference being largely the result the cheaper methods 
and designs which original scarcity capital and labor have led our 
engineers develop. The Americans are now the great railroad build- 
the world, they execute such undertakings with less expendi- 
tures, measured either money day’s work, than other nations, 
and seems not impossible that firms American engineers and con- 
tractors shall find profitable employ these methods other coun- 


rail- tries, let the capital, the labor, the materials come from whence they 
with may. 


the Common Roaps. 
and Within the last few years increased attention has been given the 


ordinary country roads, and several States are now considering the 
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best means inaugurating the improvement common roads. 
there was lesser necessity for such improvement. The great savings 
were effected upon transportation distant markets, and 
was scanty the first settlement the country, devoted 
attention the utilization the rivers, and next the building 
roads. pursuing this course the people have acted wisely, but 
the time has come when further savings the farmers (who 
rather hard competition from foreign sources during the last few 
can effected improving the highways over which they hanl 
produce the main transportation lines. Various fragmentary 
mates have been made the annual saving expected. They 
been stated $15 000 000 for the State and 000 
the State Pennsylvania. These are probably overestimates. 
the country large, consider that the railroad moved 
619 653 tons freight, that 460 260 tons were moved the 
lakes, and that this added the goods carried rivers, 
those which direct wagon from the producer the consumer, 
see that the aggregate there must something like one billion 
tons moved annually wagon. Much this, course, goes over 
ten cents per ton effected the moving 250 000 000 tonss 
year, see that can afford spend four five hundred 
dollars improving our common roads. 

association has recently been formed Members this Society 
promote the improvement the highways, and hoped that 
increasing number engineers shall give attention the subject. 


The year 1890 was notable metallurgy being the first whieh 
our production iron and steel was greater than that any 
less than 307 028 net tons pig iron were produced; 
tons rolled iron; 091 978 tons Bessemer steel rails, and 
tons rolled steel. Much the consumption doubtless owing 
the increasing use iron and steel for structural purposes, and 
engineering works. 


One the important bridges completed during the past year, 
the Red Rock cantilever bridge across the Colorado River 
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the dividing line between Arizona and California, some miles 
the point known The Needles,” where stood former bridge 
the Atlantic and Pacific Railroad which replaced the new struc- 
ture. The latter remarkable being the longest cantilever bridge 
the United States, the center opening being 660 feet, while the length 
over all 990 feet. Thus each anchor arm 165 feet, the lever arm 
the same length, and the suspended span 330 feet long, these 
proportions, which are not those maximum economy superstructure, 
dictated the character the river bottom. The iron and steel 
the structure weigh tons, and the erection was done with 
original type which ran tracks the same level the 
tase the rail, and inside the trusses; its top extending some feet 
the highest point the truss, and its forward portion projecting 
two panel lengths ahead the front supporting wheels. The 


was begun February 4th, 1890, and completed eighty work- 
ing days, and trains were running over the bridge May 10th, the same 
Thestructure proportioned for the heavy live loads now 


specified for all important bridges. The chief engineer was Mr. 
Rowe, Member this Society, who intends, believe, give full 
descriptive paper upon this bridge; and the superstructure was designed, 
manufactured and erected the Bridge Company. 

bridge company also completed during the last year the 
Terminal Elevated Railway for the St. Louis Merchant’s Bridge. This 
one the best examples modern double-track elevated railway con- 
the present time. The structure for double track, 
niles long, and weighs 000 tons. connects the Merchant’s bridge 
the Mississippi River with the terminal the Union Station St. 
and proportioned for the heaviest live loads now use. 

The same bridge company now engaged the building 
across the Ohio River Louisville. This structure has total 
length about 206 feet, consisting iron viaduct the Indiana 
called the Jeffersonville approach, 063 feet long; then the follow- 
ing river spans: one span 210 feet; three spans 555 feet center center 
piers; two spans 341 feet, and approach the Louisville, Ken- 
side, 586 feet. The bridge for single track, and the weight 
iron and steel about 000 000 pounds. expected that the 
structure will completed the end the present year. 

The Wheeling Bridge and Terminal Railway Bridge over the Ohio 
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lattice girder spans about 100 feet, and 317 feet viaduct 
spans generally. The entire structure for double track 


this bridge was built over street which necessitated leaving 
transverse sway bracing between the columns. The columns 


masonry. 
The Richmond, Fredericksburg and Potomac Railroad 
the James River, Richmond, Va., was built 1890, the 


300 feet long, and consists eleven pin-connected deck spans 
feet each over the river, and 180 feet viaduct and feet 


lated for engine weighing 150 000 pounds, wheel base 
All the bracing the towers and the lateral bracing spans was 
angle iron resist compression well tension, and 
members were allowed the trusses. All the riveted 


River Wheeling, Va., was built 1890, the Edge Moore 
Works, for the Wheeling Bridge and Railway, under 
ervision Mr. Job Abbott, Chief Engineer the Wheeling 
Terminal Railway, and Member this Society. The total length 
bridge about 100 feet, consisting one 525 feet span, three Bri 
spans, one 150 feet span, one 108 feet span, all pin-connected, Societ 
was designed for load two 104-ton engines, followed for 
000 pounds per foot. The material mild steel, which 
was 9000000 pounds used. The main channel span 518 feet River 
center end pins, and feet deep center center chords, thi 
style truss used what known the curved chord betwe 
shoes this span rest heavy steel girders, feet long 148 
deep, designed distribute the enormous weight over the tops tons. 
piers. This span weighs 000 000 pounds, including the pier false’ 
which (on the basis the dead load given the meth 
sheets for the 550 feet span the Cincinnati bridge), makes this the vided 
est truss span yet builtin America. the some 
could 
made stiff enough transmit the wind and centrifugal forces ing 
Moor Bridge Works for the Richmond, Fredericksburg and 
Railroad, under the personal supervision Major 
General Superintendent, and now President the road. othe 
spans each end. The floor about feet above the bed 
stream. The river spans rest iron towers about feet high 
the masonry piers. The trusses were designed for load two 
engines, followed 4000 pounds per foot. The iron floor was 
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wrought-iron, the eye-bars and pins low steel. The weight iron 
whole structure was 700 000 pounds. 

Anotable engineering feat was performed during the past summer 
into place the main span the Ohio Connecting Railway Bridge 
Island, which Mr. Becker, Past President the 
the chief engineer. Bridge spans have been floated into 
place before, notably those for the Conway tubular bridge 400 feet 
the Britannia tubular bridge 470 feet span, and more recently 
for the new Tay bridge with spans 245 feet, and for the Hawkesbury 
bridge Australia, with spans 416 feet; but the span over the Ohio 
River than any those, and the longest span thus far handled 
this way. The span discontinuous, single track, 523 feet long 
between centers end pins, feet wide and feet deep; its top chord 
feet above pool water level and the ironwork weighs about 915 
tons. was originally intended erect the ordinary way, upon 
false works resting piles and built across the channel. Although this 
method erection would comply with the requirements the law, pro- 
vided one other span was left open while the main span remained closed, 
some damage would result the navigation interests, the other spans 
could used boats only uncertain and rare times. The change 
the method erection was dictated the desire the Ohio Connect- 
ing Railway Company cause the least possible interference with the 
navigation the river. The changed plan, adopted, involved 
thange whatever the iron work the superstructure. 

The span was first erected upon false works very similar the ordin- 
kind, but placed shallow water along and the piles 
that coal boats could inserted right angles every 
panel but one. The coal boats were the standard pattern 
the Ohio River. They were purchased new and sold after the 
Work was concluded but small sacrifice. Nine boats were used, each 
feet size. These boats were inserted after they had been 
filled with water, and after insertion, the water was pumped out, 
tad the span, including false works, was thus lifted clear the support- 
The floating structure was then moved out, means lines 
both shores, and towed into position between the piers, 
the span was lowered allowing the water enter the boats 
holes which had been bored the bottoms for the purpose. 
operation, which took place August 19th, 1890, lasted one full day, 
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but the boats and false works were not removed until the 
following day. 


The span 416 feet the same bridge over the back 
the other side the island was erected using the same false over 
after shortening them. They were floated around the island 
back channel, and there lowered upon piles which had the 
driven across Both operations were successfully work 
without accident. This method erection was devised and Moris 
objectionable; the method avoids the putting 
works across the main channel stream, and its attendant 
interference with navigation. are 

The Newport and Cincinnati Bridge, now process board 
the King Iron Bridge and Manufacturing Company, 
ordinary highway and street car travel, and has total length 
feet. The length bridge proper, between abutments, wate 
made follows: one main channel span 520 feet, made 
156 feet cantilever arms and suspended span 208 feet, two pneu 
cantilever spans 252 feet each, two truss spans 254 feet each, one 
span 162 feet, one 108 feet, and seventeen viaduct spans from 
feet each. The bridge has clear width between trusses 
two walks each feet clear, and provided with double plank ¢om 
ported iron longitudinal stringers. The stringers, floor year 
connections for the same are designed for moving load 100 The 
per square foot clear roadway and walks, 15-ton Aveling 
steam road roller. The 108 feet span proportioned for fart 
100 pounds per square foot; the 162-feet span for pounds; the the 
pended span and cantilever arms for pounds, and the 254 feet whi 
for pounds per square foot the clear space roadway mai 
walks. The trusses the 162 feet and 254 feet and cantilever spans cen 
made steel; the shorter spans and the floor system the entire 

iron. The arrangement spans and the skeleton design 
structure are practically proposed Mr. Bouscaren, int 
The calculating, detail designing and shop work has all 
done the King Bridge Company, under the direction their 
neers, Messrs. Porter and Osborn, Members the 
Messrs. Ferris, Kaufman Co., Pittsburgh, Pa., are the 
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the company, and the work has been done under their specifications and 
instructions. 

During the past year single track railroad bridge has been built 
over the Mississippi River Winona, Minnesota. consists two 
fixed spans 240 feet; one 360 feet, and draw span 440 feet; 
the total length, exclusive trestle approaches being 290 feet. The 
work has been done the Union Bridge Company, and Mr. 
Morison, Am. Soc. E., the chief engineer. Thesame 
pany also built single track low grade bridge over the Arkansas River 
atFort Smith, Arkansas, for the Kansas and Arkansas Railroad Company. 
consists ten spans 200 feet each, and one draw span 370 feet, 
ora total length 2370 feet. The piers, instead being masonry, 
are composed English Portland cement concrete, laid mould- 


boards, and faced with Portland cement mortar after the removal the 


mould-boards. They were sunk the pneumatic process timber 
the rock (which has maximum depth feet below low 
water the river, and overlaid with shifting sand) except the case 
two piers where the shallow depth water precluded the use the 
pneumatic method, and where coffer dams were resorted to. The bridge 
was finished the first April allow trains pass 
been necessary. 

The Tower Bridge across the Thames London, now approaching 
was referred President Shinn, his address last 
year, but the novelty the design may warrant further description. 
The intent enable foot passengers cross all times, and 
limit interruptions wagon traffic mininum, the bridge being 
farther down the river than any the existing bridges, and portion 
the river traffic requiring more headroom the feet inches 
which afforded the fixed spans high water. For this purpose the 
main the bridge placed some feet above the water, but the 
span has also second girder and floor giving 140 feet clear 
headroom high water. The total length, including approaches, 
feet, which 880 feet across the river proper. This divided 
into three spans, the two side spans being the braced suspension type, 
270 feet clear, and the central span being 200 feet clear. The latter 
two leaves, weighing nearly 000 tons each, which fold 
vertically their hinges, and thus leave passage for masted vessels 
140 feet the clear. The width roadway feet the side spans, 
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and feet the central span. When the folding leaves the lowe 
floor are thus raised, all vehicular traffic must suspended, but 
passengers are then hoisted the upper floor 
elevators, and let down similarly the side. 


There was opened last October the southern part 
duct for the Chilian State Railway, which is, perhaps, the highestin 
the world. feet above the level the Mallen River, 
which takes its name, and 419 feet long, divided into 
each 232 feet length, and some approach spans. The total 
tons, and the designs were prepared Mr. Amelio 
Chilian engineer. Among high bridges, mention may alsobe maded 
the St. Giustena highway bridge the Tyrol, which consists 
iron arch clear span only 197 feet, clear height ing. 
above the bottom the which crosses. Naturally 
works were used, but was built out from the two that 
taneously traveling cranes, cable, carrying cage, being 
across the ravine, and aiding materially the work, which was way. 
pleted 1888. 

The remark sometimes heard that engineering works, and 
larly bridges and viaducts, are great eyesores the artistic 
that engineers are rectangular utilitarians who pay attention 
Indeed, said that part the opposition the extension elevatel thes 
railroads some our cities, because they (the elevated railways) that 
are very ugly. How far engineer will justified spending wall 
people’s money ornament will depend upon the circumstances the 
case, but wealth and taste have increased, there seems 
tion the part capital take more liberal view this the 
than heretofore. Engineers, therefore, designing new structures may and 
profitably inquire how they will look from point 
and many cases artistic effect will follow, simply thu 
outlines accordance with the lines maximum strains. the 
recent works this may illustrated reference the 
bridge St. Louis, the Thames River draw, and the Eiffel Tower, 
which cases the lines the structures were designed following 
closely the lines the greatest strains. European engineers 


always given greater thought than the finished 
their works, particularly cities, and this well illustrated the 
Highway bridge Hamburg, Germany, built Mr. Gleim, 
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member, which entered through one the most beau- 
portals thus far built.* 


may interesting engineers note new departure build- 
ings. The use passenger elevators having rendered the upper stories 
houses accessible and pleasant those lower down, and the profit- 
able results investments high buildings having brought greater 
rental from real estate than was hitherto believed possible, evolution 
isnow progress buildings this country, somewhat similar that 
which has taken place American bridges, and certain extent the 
engineers are being called upon design the ironwork and fram- 
ing. Being best acquainted with what has recently been done this 
direction Chicago, may permitted draw illustrations from 
that city. now possesses some eight ten office buildings from ten 
fourteen stories high, and some six eight more are now well under 
way. One these, the Women’s Temperance Union Temple,” 
thirteen stories high, and another, the Masonic Temple,” 
twenty stories high, being 170 feet the ground and 274 feet 
high above the sidewalk. 

The salient feature the mode constraction which has rendered 
these high buildings possible, that the principal portion the weight, 
that the floors and the roofs, instead being carried upon the outer 
walls, now supported internal skeleton steel columns, placed 
tier upon tier the building, and rigidly connected with the girders and 
floor beams which carry the cellular arch bricks which span and form 
the floors. The outer walls become mere skin keep out the weather, 
andin the more recent instances even this outer shell rests upon the 
girders which span the space between the columns; each story 
thus practically independent the others, save through connections 
the posts. the case the Masonic Temple the outer piers are intro- 
duced simply for architectural effect, and inside them are steel 
columns which carry all floor and spandrel loads. This building has 
two lines vertical bracing, ranning from top bottom through 
way the structure. 


This skeleton system construction, which the outer walls need 


The various bridges and structures above mentioned were illustrated stereopticon 
views, 
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more than inches thick, not only allows high buildings, 
omizes space and land, generally expensive, and admits leaving 
front almost all windows, thus giving the apartments the building 
luxury light hitherto quite unknown. The construction must, 
course, entirely fireproof, and this, now believed, has 
secured improved methods. This method steel construction 
naturally led the application the modern erecting methods, 
have proved rapid, effective and economical the putting 
bridges, and thus substitutes steam-power for the armies 
formerly employed about the construction the walls. Thus, 
erection the new hotel, the Chicago,” 100 feet 165 feet the 
ground, fourteen stories high and 170 feet above the sidewalk, all 
steel columns, girders and floor beams were hoisted and put 
self-propelling rotary crane, which also hoisted itself from 
story. over movable track reach every portion the 
structure, and was worked one man, who performed all the 
track laid, and the crane hauls itself the next story. When 
top reached the machine taken pieces and lowered down, after 
having handled, this particular case, 700 tons steel with 
men, the maximum rate two stories per week, including 
columns and beams complete. one time the frame-work was 
six stories above all other construction. The building has 
bracing frgm top bottom, forming tower about feet the 
center the long side inner court. The steel work was furnished 
and erected the Keystone Bridge Company. 

may interesting this connection give account the 
way which the foundations under these great buildings are prepared. 
The subsoil Chicago consists blue and gray clay, which grows 
softer some distance below the surface. yields 


square foot. 


Formerly heavy buildings were founded upon wooden piles, 
moisture being excluded the clay, the piles rotted and allowed the 
buildings settle. The present practice use large footing 
for moderate structures, but for great concentrated weights bed 
formed, rails enclosed concrete, under the piers which carry the 
iron steel columns, float the weight over the clay with 
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tons the square foot, increased rare occasions tons; 


and top this foundation course iron steel I-beams placed 
carry the masonry the pier which the steel columns are rest. 


ENGINEERING. 


The most rapid and remarkable engineering advance during the past 
year has been various applications electricity. has been set 
performing all sorts duties, addition its former uses the tele- 
graph, the telephone, and the electric light. Now not only supply- 
ing motive power about our cities run sewing machines, printing 
ventilating fans, various grinding mills, elevators and church 
organs, and turning draw-bridges, but also being applied machine 
shops run cranes, hoists, shafting and machinery; also mines 
undercut and haul out coal, and pump water. Also propel 
launches and handle guns and ammunition; and has recently been 
applied heating, cooking, soldering and welding, that seems dif- 
ficult foresee the future limits its various applications. 

The largest growth this development, however, has been street 
Ten years ago there were the United States 500 
miles street railways, all operated horses and mules; now the street 
car mileage the country follows: 


5713 miles track, operated animal power. 


725 


the first commercially successful electric street railways date 
back only the beginning 1888, the 931 miles now operated have 
practically been built equipped three years, and the aggregate 
still growing very fast; less than 781 miles having been opened dnr- 
ing the four months preceding the 1st February this year, which 
date the above figures were made up. This miles electric rail- 
operated motive cars, drawing some 000 trailers. 
Almost the whole equipped upon the overhead trolley system, 
and not only are grades per cent. surmounted, but the roads 
less than that animal power. The maximum speed may stated 
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miles per hour, and the maximum single electric car motor 
horse-power, that for speed, for power ascend steep grades and for 


economy operation the electric railroad far superior that operated 


animals. 

has been suggested that these great strides electricity 
power point eventual superseding the locomotive the 
tion the ordinary railroads the country, and that the 
sulting from the generation the power with stationary 
together with the saving dead weight effected substituting 
motors for steam locomotives, will more than warrant the expense 
changing the present installations. 

doubt whether this likely the result long the 
power obtained from wire overhead, chiefly because this method 
volves the abandonment having each locomotive independent, self 
contained motor, which can tossed aside case the 
generation power, without stopping the operation the whole road, 
would the case were either the stationary engine, producing 
the distributing wire give out electric system; these 
the plant being easy watch and repair and about city, but 
difficult care for the open country. 

The advantages having self-contained electrical motors may, per 
haps, secured improvements storage batteries, and experiments 
are therefore eagerly being made many inventors reduce their 
present prohibitory weight. The most successful seems that 
the Waddell-Entz storage battery car, which was tested the 4th 
May Philadelphia, and which reported have worked quite 

factorily. using copper and iron plates instead lead, and 
line instead acid solution, the weight said have been reduced 
about one-half that former storage batteries. this may, 
seems now not unlikely that very much greater speed will attained 
with electric motors than any which have yet been practically secured. 
There are many proposals for this purpose, and understood that 
experimental line the Electric System” has already 
attained speed 115 miles per hour, which speed the trains 
erally left the very imperfect track experimented upon, and that withs 
better plant confidently expected that this, well some other 
electric systems, will able operate speeds 150 miles per 
this great velocity the atmospheric resistance becomes very 
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tant element, and experiments will become necessary ascertain the best 
form given the trains. may say this connection that made 
investigations this subject some years ago, and became satisfied 
that even with our present trains considerable portion thé resistance 
from air, and the consumption fuel, might saved upon our fast 
trains, few modifications our present railroad rolling stock. 

Some additional statistics may assist giving impression the 
growth electrical engineering. The total number incandescent 
lights the United States operated from central station plants stated 
000, and the total are lights The horse-power 
engines employed this connection 400 000, 379 plants, and the 
capital invested $126 758 500. addition the above, there are 
said 900 000 incandescent lamps and 492 arc lamps operated 
from isolated plants. The whole number telephone companies’ 
licensees the American Bell Telephone Company 51, and the num- 
$85 000 000. The telephones the hands licensees and under rental, 
number 411 511, and the number subscribers stated 171 
This includes both the American Bell Telephone Company and the 
American Telephone and Telegraph (long distance) Company; the 
longest distance over which conversation telephone now daily 
maintained being 750 miles—from Portland, Me., Buffalo, 


Socrery’s AFFAIRS. 


You will pleased know that there sustained interest the 
Society, evidenced both new applications for membership, and 
attendance the meetings. may say, however, that the supply 
papers for the Transactions has not been liberal during the past year 
would have been desirable, and that too many them are postponed 
until the last moment, Convention time. the consti- 
tute for many members the only intercourse which they have with the 
Society, desirable that material, the way papers, 
shall both abundant and regular. 

Recent growth and improvements the technical press, which 
number able editors have been giving accounts engineering works 
fast they have been executed, has probably interfered with the 
papers. Engineers have found easier furnish 
notes those editors than prepare complete paper for the Society. 
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The search made for information, however, through the technical 
the preparation this address, has shown how imperfect and 


such hurried accounts current works must necessarily be; how 
more valuable the engineering student paper carefully 
for our Transactions, and how much more the latter are likely 
the reputation engineer. therefore hoped that the 
who are carrying important works and experiments shall 
detailed papers for the Society. The current accounts which 
the technical press will merely whet the appetite for full and 
statement the difficulties encountered, the means taken overcoms 
them, and the results finally achieved. 

Especially desirable that such papers shall discussed fully 
the members, such discussions being not infrequently even more 
able than the papers themselves, bringing out statements the best 
engineering practice upon particular subject. order promote 
this, the Secretary will send out advance copies papers which 
discussed members who are likely have something 
about them, either verbally writing, and each member requested 
advise the Secretary the class subjects which most 
interested. 

expected that the Columbian Exposition 1893 shall afford 
American engineers opportunity repay part the heavy 
tions contracted foreign engineers 1889. The members this 
Society who, with members the Mining and Mechanical Engineers 
Societies, visited Europe that year, were received with 
magnificence. They were treated not cousins but brothers, and 
their visit was one long series delicate attentions and entertainments, 
not only from engineers, but from all classes the community. 

This began with the very landing England, where the 
were everywhere received and entertained the engineers and the 
nicipal authorities, and showered with private invitations and receptions. 
Not only did large number the prominent members the British 
Institution Civil Engineers gave their business and time tothe 
showing their visitors the principal engineering works, either 
pleted progress, but that occasion the important engineering 
and manufacturing establishments usually hermetically closed visit 
ors, were thrown wide open the Americans, the managers attending 
upon them afford every desired information. 
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London, the express sanction the Lord Mayor, Aldermen 
and Court Common Council, were given dinner Guildhall; 
the second time, said, more than one hundred years that this 
noble hall has been used for any entertainment not given the Guilds 
themselves; and addition the examination some twenty-nine 
engineering works and establishments, the programme included invi- 
tations visit some seventeen objects interest, tourists rather 


than engineers. These visits were paid, not the usual way with 


ordinary sight-seers, but under the happiest auspices. Thus Westmin- 
ster Abbey was seen under the favor the Dean, who gave 
address King Henry VIIIth’s Chapel, upon the historical associa- 
tions the Abbey. were, when visiting the Lambeth Episcopal 
Palace, there received the Archbishop Canterbury, who gave 
most interesting talk upon the events which had occurred therein. 
visiting the Palaces the Crown, the American engineers, instéad 
being limited those portions usually opened the public, were 
special permission the Queen, shown the private apartments; and 
happen know, that upon the visit Windsor Castle, the Queen had 
her own plans order that the engineers might admitted 
upon the day most convenient them. 

These attentions, together with large number private invitations 
and meetings with distinguished persons, impressed greatly how 

France, the same kind attention and cordiality was shown the 
American engineers, who were received upon landing delegation 
the leading French engineers, taken Paris special train, and that 
very ght invited open air fete and illumination given one 
the parks the municipality. Later on, during series some thirty- 
five visits engineering works and points interest, were received 
and entertained delegation the municipal council, and also 
the President the Republic, who, being himself engineer, told 
that received comrades, rather than visitors, gave our officers 
the loan his box the opera, and invited them garden party 
his palace. Indeed, the entertainments and invitations the engineers, 
while Paris, were numerous that but portion them could 
and were times heartily ashamed the small numbers 
who were able attend most interesting occasions. 

Germany again, the small number the party who were able 
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spare the time accept the invitation the German engineers 
them were most magnificently received, and were there again 
how high our profession stands Europe the ranks the the 
tion was formed last week Chicago, particulars which will 
before you, provide headquarters for the engineers who may 
Columbian Exposition 1893, and invite them out 
congress. This will need supplemented us, with some 
tions foreign engineers visit this country that occasion, and with 
arrangements entertain them various cities. hoped profe 
vision will made enable them see our engineering works 
best advantage, and meet the leading men who will best represent 
growing importance and consideration accorded our profession. 


For may well acknowledge the fact, that engineers Europ 
hold higher status among professional men than they this 
They are there looked upon the leaders the material 
the present age, and stand fully high men any other 
sion. They are chief charge many industrial operations which 
this country managed so-called practical men, and are 
and employed before capital engages any important 
facturing enterprise. 


has not been always so. century orso ago the English 
seem have occupied far less desirable position than they 
This best illustrated the compensation they then received. Thu 
the biographer Telford, says that his average income did not 
more than paid the resident engineer any modern railway, and 
that during the twenty-one years that acted principal 
the Caledonian Canal the amount paid him was exactly 
Brindley stated the same authority have been paid the 
cents day, while chief charge the surveys for the canal 
tween Manchester and the Mersey, while now many English 
the receipt incomes fully large those our railroad 

This has been the result the higher standards acquirements 
business qualifications which have obtained the profession, and the 
increase accumulated more important enterprises 
undertaken, the disastrous results entrusting them half-trained mat 
became more apparent, and the Jack-at-all-trades was replaced the 
engineer. 
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evolution appears taking place this country, not only 
through the more complete education and training which are being given 
the technical colleges, and through the educational influence socie- 
ties engineers like ours, but also through the great change methods, 
which, during the past ten years, have led many our members 
open offices for themselves either civil engineers design and carry 


out works, consulting engineers place their experience and knowl- 
edge the disposal the public. 

If, together with this better equipment for the pursuit our chosen 
profession, the present high standard professional honor and integrity 
maintained, there are good grounds for believing there will result 
within the next few years marked improvement the independence, 
the standing, and the emoluments the civil engineer. 
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